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PREFACE

This report documents a Federd Aviation Administration operationa evauation of the initid group of
four air traffic control services which have been designed for implementation on the Mode S Data Link
system. The report is organized in two volumes.

Volume | contains the main body of the report. It includes a detailed description of the objectives of
the evauation and of the technical approach and test methods that were used. In addition, the primary
results of the controller and aircrew portions of the study, conclusons and recommendations are
presented.

Volume Il contains a set of gppendixes to the report. These appendixes are referenced in Volume |
and include technical documentation of the test hardware and of controller and pilot Data Link
procedures. The gppendixes dso present detailed analyses of the data which were collected in the
study. These gppendixes were the basisfor the primary results sections presented in Volume 1.
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EXECUTIVE SUMMARY

INTRODUCTION.

The Federd Aviation Administration (FAA) is pursuing an initiative to develop and implement a Data
Link system intended to enhance communications between ground-based air traffic control (ATC) and
arrborne sysems. By providing digitd information transfer with the ability to discretely address
individud arcraft, Data Link is expected to reieve frequency congestion on existing voice radio
channels while increasing the overdl safety and productivity of the ATC system.

In order to insure that the introduction of Data Link will have an optima postive impact on ATC, the
FAA is conducting a program of research to guide system design efforts, evaluate the benefits of Data
Link to ATC, and assess its effects on the air traffic controllers and aircrews who will use the system.
Preliminary design studies completed during the past year (Tdotta, et d., 1988, 1989) defined the
detalled configurations for the initid group of ATC services and functions scheduled for
implementation on Data Link. This report presents the results of the first operational evaluation of
these initid capabilities in a full scle, ATC smulation manned by en route air traffic controllers. In
addition, this report presents the findings of a concurrent study in which aircrews flying smulated
arcraft in the ATC scenarios evauated the initial services and a preliminary flight deck display/control
device for Data Link communications.

OBJECTIVES.

The genera purpose of the air traffic controller substudy was to assess the impact of theinitia package
of Data Link ATC services and functions in the context of a high fideity smulation of en route ATC
activity. The specific objectives were to measure the beneficid effect of Data Link on voice radio
frequency congestion and to determine the impact on ATC performance and effectiveness, controller
workload, and controller acceptance. The arcrew substudy was designed to evauate the overadl
effectiveness of Data Link communicationsin aircraft operations both for the ATC services uplinked by
the subjects in the controller substudy, and for a set of Data Link westher services available by direct
arrcrew interaction with smulated data bases.

DATA LINK SERVICES.

Two ATC sarvices and two general Data Link functions were tested in the controller substudy. The
ATC sarvices were dtitude assgnment and transfer of communication. Data Link procedures for both
of these services were designed to closely pardlel current en route controller procedures with the
addition of a minima number of keyboard actions. The status of Data Link transactions with aircraft
were displayed in aPlan View Display (PVD) list and in the Full Data Block (FDB). Aircraft equipage
and uplink digibility were indicated by graphic charactersin thefirst field of the FDB.

The Data Link ATC functions were menu text and free text. Menu text permits standard or frequently
required ATC messages to be stored in amenu displayed on the PVD and selected for uplink as
IX



required. For the present study, menu messages were redtricted to interim dtitude assgnments,
sometimes combined with fix crossing restrictions.  Free text provides controllers with the ability to
engage in uncongtrained ground-air communications using typed keyboard entries.  This function is
envisoned primarily as abackup communications capability.

In addition to the primary ATC services ddivered by the controllers, the aircrew substudy aso
examined a group of weather services which the pilots could request by direct downlink to a data base.
These services were termina forecast, winds/temperatures a oft, surface observation, and Pilot Reports
(PIREPS). Theaircrew received and responded to Data Link messages on atouch sengitive display.

APPROACH.

The evauation was conducted in the FAA Technicd Center's Data Link Test Bed. Two 30-minute
test scenarios presented controllers with redistic en route ATC problems involving four sectors of
adjacent airgpace. A mgority of the aircraft in the scenarios were smulated radar targets controlled by
amulation operators. However, two of the targets in each test run were driven by high fiddity
smulators representing a large transport arcraft and a smdl Generd Aviation (GA) arcraft. The
arliner was manned by professond arcrews, while the small aircraft was flown by GA pilots.

The eight en route controllers participated in teams of four in 14 test runs in which Data Link equipage
levels of the air traffic ranged from O (voice radio only) to 20 and 70 percent. In one of the runs,
average uplink and downlink times were extended to assess the impact of “worst casg’” Data Link
communication transmisson delays. Each of the four participating aircrews and the four GA pilots
participated in two Data Link runs and one basdline, voice-only run.

Controller measures included records of voice and Data Link usage, ratings of controller workload and
sarvice design acceptability, estimates of operationd effectiveness, a wrap-up questionnaire, and
extengve debriefing to dicit required Data Link design modifications. Aircrew measures evaluated
perceptions of the effectiveness of the services and the usability of the preliminary flight deck Data Link
Input/Output (1/0) device. Times required for aircrew to detect and respond to Data Link and voice
messages aso were recorded.

PRIMARY RESULTS.

The controller substudy clearly demonstrated the benefit that the initial group of Data Link services can
be expected to have on rdieving frequency congestion of voice radio channds. The availability of
these functions reduced the number of controller voice transmissions by up to 41 percent, and total
controller occupation time of the radio frequencies by up to 45 percent (see figure ES-1).
Furthermore, as more Data Link equipped aircraft were introduced, there was an gpparent increase in
the efficiency of the communication process as requirements for repetition of voice messages and
clarification of clearances were reduced.

The postive impact of Data Link was not achieved at any observed loss in ATC performance or
controller capability. No critical ATC incidents were noted during the tests, and controller workload
X



estimates were datisticaly identical in the voice and Data Link conditions (figure ES-1). The results
aso showed that Data Link transmission delays failed to have a negative effect on controller activities.
All of the specific designs for the Data Link services were rated as operationdly effective and
acceptable to controllers.

The results of the aircrew substudy indicated that initial pilot perceptions of Data Link were positive
and that its implementation would enhance the quadity of air-ground communications. Additiond
findingsindicated that the average total times between receipt of a message in the aircraft and the crew
response to ATC ranged from 9.8 seconds in the voice conditions to 10.9 seconds in the Data Link
conditions.

The workload associated with Data Link operations was considered acceptable to pilots. Furthermore,
while the aircrew subjects indicated further development of display formats and crew coordination
procedures will be required, they felt that perastent Data Link displays will reduce demands on pilot
memory and that Data Link will be capable of replacing most functions currently serviced by voice
radio in en route environments.

RECOMMENDATIONS.

Based on the results outlined above, it is recommended that the initid group of Data Link ATC
services be incorporated as modifications to current en route ATC software and hardware, and that
they be subjected to operationa test and evauation (OT&E). Minor outstanding design issues and
potentia enhancements reveded by the present study should be examined by the Air Traffic Data Link
Validation Team (ATDLVT) and resolved. It is further recommended that, because of the success of
the operationa evauation and the podtive impressons expressed by participating controllers and
pilots, research and development work be expedited to extend Data Link applications to the full range
of enroute and terminal ATC services.

Because the development of refined flight deck interfaces has lagged behind corresponding ground
controller work, it is recommended that additiona studies be conducted to facilitate the integration of
Data Link with the aircrew task environment.

Findly, in order to identify mutualy acceptable rules and procedures which will govern pilot and

controller communications using Data Link, it is recommended that a mechanism be created to
promote relevant interactions between the ATDLVT and a representative pilot group.

Xi
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| NTRODUCTI ON

A total of six operational evaluation scenarios were used in the
eval uation of the Phase | Data Link services functions. Two of
the scenarios were used to train the subject controllers and the
other four were used to conduct the evaluation and collect data.
The scenarios are the Operational Evaluation Training Scenarios
(one with 70 percent Data Link-equipage and one with 100 percent
Dat a Link-equipage), and the Operational Evaluation Scenarios
(two with 20 percent Data Link-equipage and two with 70 percent
Dat a Li nk-equipage). Al of the scenarios were designed with the
Universal Data Set (UDS) sinulated airspace and run for 35
m nut es. Thi s appendi x describes these scenarios, the rel evant
Menu Text nmessages used, and the En Route Controller Data Link
chart that depicts the controller Data Link input nessage
pr ocedur es.

DESCRI PTI ON OF THE OPERATI ONAL EVALUATI ON TRAI NI NG SCENARI O

The Operational Evaluation Training Scenario sinmulates a |ow
volune en route air traffic environnent. A description of the
training scenarios wwth 70 and 100 percent Data Link-equi page are
provi ded bel ow.

OPERATI ONAL EVALUATI ON TRAI NI NG SCENARI OS W TH 70 PERCENT DATA
LI NK- EQUI PAGE

This training scenario sinulates a traffic flow that fornms a
circular routing between two airports. As shown in figure A-1,
two low altitude sectors (03 and 17) and two high altitude
sectors (07 and 10), are represented. Figure A-2 outlines the
routes and the nunber of aircraft and Data Link-equi pped aircraft
in the scenario. The total nunber of aircraft (45) includes six
aircraft (not shown in the figure A-2) that appear at the start
of the run.

At the start of the scenario, six aircraft appear in flight in

the high altitude sectors (three aircraft per sector). Thi s
provides an initial air traffic control (ATC) situation for the
high altitude controllers. The departing aircraft appear

simul taneously in sectors 03 and 17 at the two airports.

The aircraft starting in sector 03 appear at 12,000 feet on Rt. 1
(see figure A-2). This route contains nine aircraft (six are
Dat a Li nk-equi pped) departing the western airport (Philadel phia
International) at fix point D3B. As the aircraft clinb, they are
given a clearance via a Menu Text nessage or radio to clinb and
maintain flight |level 230. The westbound overflight route
contains nine aircraft (five are Data Link-equipped). O the
nine aircraft, five are low altitude overflights that are



designed to conflict with the departures in sector 03 (three
aircraft are Data Link-equipped). After the <clearance is
received, the aircraft are handed off from sector 03 to high
altitude sector 07. 1

SECTOR - 07 SECTOR - 10

HIGH

Base High Sector-24,000 feet.

Base Low Sector-23,000 feet./,/"/

LOW /

D3B G2E
PHILADELPHIA ATLANTIC CITY
INTERNATIONAL INTERNATIONAL
AIRPORT AIRPORT

SECTOR - 03 SECTOR - 17

FI GURE A-1. Al RSPACE SECTORI ZATI ON DATA LI NK OPERATI ONAL
EVALUATI ON TRAI NI NG SCENARI O



OVERFLIGHTS
F2E
OVERFLIGHTS "
D2C 12(7)
ATLANTIC CITY
i INTERNATIONAL
AIRPORT

BOIDS | —p HoLTs

D3B o3A e E3A RHOME
PHILADELPHIA BATON GLADD
Legend:
INTERNATIONAL
AIRPORT X(Y) = X aircraft Y of which
F3E are Data Link-equipped
-
ETE Total aircraft=39 + 6 at Start-Up
Total Data Link-Equipped=30

HIGH SECTOR-07 (FREQ 132.0)

LOW SECTOR -03 (FREQ 133.0) HIGH AND LOW

SECTOR BOUNDARY

HIGH SECTOR-10 (FREQ 123.0)
LOW SECTOR -17 (FREQ 133.2)

FI GURE A-2. Al RCRAFT ROUTI NG DATA LI NK OPERATI ONAL EVALUATI ON
TRAI NI NG SCENARI O (70% DATA LI NK- EQUI PAGE)



A-3

In sector 07, the aircraft are given a clearance via a Menu Text
message or radio to cross KMART and maintain flight |evel 250

The westbound overflight route also contains high altitude
overflights that are designed to inpact the traffic in sector 07.
This overflight route contains four high altitude overflights
(two are Data Link-equipped). The aircraft in sector 07 are
handed off to high altitude sector 10. The aircraft are given a
clearance via a Menu Text nessage or radio to cross BODS and
maintain flight |evel 240. The aircraft in this sector are
designed to be in conflict with the overflights starting at fix
point F2E (see figure A-2). This overflight route contains 12
east bound overflights (7 are Data Link-equipped). O the 12
overflights, 4 are high altitude (3 are Data Link-equipped). The
aircraft in sector 10 are handed off to lowaltitude sector 17.

A clearance via a Menu Text nessage or radio to cross HOLTS and
mai ntain 12,000 feet is given to the aircraft in sector 17. The
low altitude overflights, of which four are Data Link-equipped
are designed to conflict with the aircraft in this sector. As
the aircraft approach Atlantic Cty International A rport (&E),
they are termnated fromthe scenario.

The aircraft starting in sector 17 also appear at 12,000 feet on
Rt. 2 (see figure A-2). This route contains nine aircraft (six
are Data Link-equipped) departing the eastern airport (Atlantic
Cty International) at fix point QE. As each aircraft appears
in the sector they are given a clearance via a Menu Text nessage
or radio to clinb and maintain flight |evel 230, and then are
handed off to high-altitude sector 10. These aircraft are given
a clearance via a Menu Text nessage or radio to cross RHOVE and

maintain flight Ievel 260. The high altitude overflights,
described in the above paragraph, are designed to conflict wth
the aircraft in this sector. The aircraft, after receiving the

cl earance, are handed off to high altitude sector O07.

When the aircraft enter sector 07, they are given a clearance via
a Menu Text nessage or radio to cross GLADD and maintain flight
| evel 240. The aircraft are inpacted by the high altitude
overflights on the eastbound overflight route that is described
in the above paragraph. The aircraft in sector 07 are handed off
to low altitude sector 03. A clearance via a Menu Text nessage
or radio to cross BATON and maintain 12,000 feet is given to the
aircraft in sector 03. The aircraft are termnated from the
scenario at fix point D3B (Philadel phia International Airport).

The Menu Text nessages for each of the four sectors in this
scenario are shown in figure A-3. These nessages appear on the
sector position Plan View Displays (PVD s) at the beginning of



the run. The controllers send the appropriate Menu Text nessage
to the aircraft as the situation warrants. The nessages with the
| eadi ng plus sign, when sent to the aircraft, update the altitude
field in the aircraft’s full data block (FDB) on the PVD.

A4

SECTOR - 03 SECTOR - 17

A. 120 X BATON MAIN A. 120 X HOLTS MAIN

B. +120 X BATON MAIN B. +120 X HOLTS MAIN

C. 230 CLIMB MAIN C. 230 CLIMB MAIN
D. + 230 CLIMB MAIN D. + 230 CLIMB MAIN

R. REQUESTED ALTITUDE R. REQUESTED ALTITUDE
Z. DEFINED ALTITUDE Z. DEFINED ALTITUDE
SECTOR - 07 SECTOR -10

A. 240 X GLADD MAIN A. 240 X BOIDS MAIN

B. + 240 X GLADD MAIN B. + 240 X BOIDS MAIN

C. 250 X KMART MAIN C. 260 X RHOME MAIN

D. + 250 X KMART MAIN D. + 260 X RHOME MAIN

R. REQUESTED ALTITUDE R. REQUESTED ALTITUDE
Z. DEFINED ALTITUDE Z. DEFINED ALTITUDE

FI GURE A-3. MENU TEXT DATA LI NK OPERATI ONAL EVALUATI ON TRAI NI NG
SCENARI O



A-5
OPERATI ONAL EVALUATI ON TRAI NI NG SCENARI O W TH 100 PERCENT
DATA LI NK- EQUI PAGE

This scenario (see figure A-4) is identical to the training
scenario with 70 percent Data Link-equipage, except that no
overflight routes are used and the total of 24 aircraft sinulated
are all Data Link-equipped.

DESCRI PTI ON OF THE OPERATI ONAL EVALUATI ON SCENARI O #1

The Operational Evaluation Scenario #1 sinulates a nedi um vol une
en route air traffic environnment. Two scenarios (one with 70
percent Data Link-equipage and one with 20 percent Data Link-
equi page) are described bel ow.

OPERATI ONAL EVALUATI ON SCENARI O #1 W TH 70 PERCENT
DATA LI NK- EQUI PAGE

This scenario sinmulates a traffic flow that forns a circular
routing between two airports as shown in figure A-5. There are
two low altitude sectors (03 and 17) and two high altitude
sectors (07 and 10). The routes and the nunber of aircraft and
Dat a Link-equipped aircraft are depicted in figure A-6. Thi s
scenario has a total of 63 aircraft. In addition, two aircraft
sinmulators were used in this scenario: a Cessna 421 genera
aviation flight sinmulator (GAT Il) located at the FAA Technica
Center and a Boeing 727 flight sinulator (NASA/ AMVES).

Wen the scenario begins, six aircraft appear in flight in the
high altitude sectors (three aircraft per sector). This provides
an initial ATC situation for the high altitude controllers. The
departing aircraft begin sinmultaneously in both low altitude
sectors (03 and 17) at each airport. Wen the aircraft appear in
the low altitude sector 03, they are at 12,000 feet on Rt. 1 (see
figure A-6) departing the western airport (Phi | adel phi a
International) at fix point D3B. This route contains nine
aircraft (six are Data Link-equipped). The aircraft are given a
clearance via a Menu Text nessage or radio to clinb and maintain
flight |evel 230. Wthin sector 03, there are two overflight
routes, Rt. 3 and Rt. 4 (see figure A-6). These routes contain
the same fix points but the traffic flows in opposite directions.
O the 12 aircraft, six aircraft (four are Data Link-equipped)
are low altitude overflights that are designed to conflict with
the departures in sector 03. Upon receipt of the clearance, the



aircraft are handed off from sector 03 to high-altitude sector
07.

When the aircraft are accepted into sector 07, they are given a
clearance via a Menu Text nessage or radio to cross KMART and
maintain flight |evel 250. The bidirectional overflight route
descri bed above al so contains six high altitude overflights (four
are Data Link-equipped) that are designed to inpact the traffic
in sector 07. In addition, there is another high altitude
A-6

overflight route (H gh Atitude Additions) that contains three
overflights (two are Data Link-equipped). High altitude sector
10 accepts aircraft transferred fromsector 07.

ATLANTIC CITY
INTERNATIONAL
AIRPORT

BOIDS —Jp HOLTS
L] L]

2FA 2GF G2E

9(9)

RT.2

D3B RHOME
D3A 47 E3B E3A Legend:
PHILADELPHIA BATON
GLADD . )
INTERNATIONAL X(Y)=X aircraft Y of which
AIRPORT are Data Link-Equipped.
Total aircraft = 18 + 6 at Start-Up
Total Data Link-Equipped = 24
HIGH AND LOW
SECTOR BOUNDARY
HIGH SECTOR - 07 (FREQ 132.0) HIGH SECTOR - 10 (FREQ 123.0)
LOW SECTOR - 03 (FREQ 133.0) LOW SECTOR - 17 (FREQ 133.2)

FI GURE A-4. Al RCRAFT ROUTI NG DATA LI NK OPERATI ONAL EVALUATI ON
TRAI NI NG SCENARI O (100% DATA LI NK- EQUI PAGE)



SECTOR - 07

HIGH

Base High Sector - 24,000 feet.

SECTOR - 10

Base Low Sector - 23,000 feet.

LOW

D3B
PHILADELPHIA
INTERNATIONAL SECTOR - 03
AIRPORT

SECTOR - 17

H2A
ATLANTIC CITY
INTERNATIONAL

AIRPORT

FI GURE A-5. Al RSPACE SECTORI ZATI ON DATA LI NK OPERATI ONAL

EVALUATI ON SCENARI O #1



OVERFLIGHTS

OVERFLIGHTS 6(5)
F2E High Alttude
g}
™ Additions
© 64
GoH ATLANTIC CITY
RTS5
INTERNATIONAL
BOIDS HOLTS AIRPORT
2FA G2E

D2C o
High Altitude
6(4) Additions Fa1
E2G
Rt.3 u
3(2) F2A
KMART
E2A
D2B ™ N
E2B
B-727
SIMULATOR

PHILADELPHIA
INTERNATIONAL
AIRPORT

HIGH AND LOW
SECTOR BOUNDARY

HIGH SECTOR - 07 (FREQ 132.0)
LOW SECTOR - 03 (FREQ 133.0)

Al RCRAFT ROUTI NG DATA
SCENARI O #1 (70% DATA

FI GURE A- 6.

' 2GF

GAT Il
SIMULATOR
START

. 64
F3K
Low Altitude
Additions
Legend:

X(Y)=X aircraft Y of which
are Data Link-Equipped.

Total aircraft = 57 + 6 at Start-Up
Total Data Link-Equipped = 40

HIGH SECTOR - 10 (FREQ 123.0)
LOW SECTOR - 17 (FREQ 133.2)

LI NK OPERATI ONAL EVALUATI ON
L1 NK- EQUI PACE)



A-9

The sector 10 controller gives a clearance via a Menu Text
message or radio to cross BAODS and maintain flight |evel 240
after the aircraft enter the sector. The two overflight routes,
Rts. 5 and 6 (see figure A-6), create conflicting traffic in this
sector. These routes contain the sanme fix points, but the
traffic flows in two directions. These routes contain 12 high
altitude overflights (9 are Data Link-equi pped). Additional high
altitude overflights are presented on the route |abeled Hi gh
Al titude Additions (see figure A-6) that contain six aircraft of
which five are Data Link-equipped. The aircraft in sector 10 are
handed off to low altitude sector 17.

After the aircraft enter sector 17, the controller gives a
clearance via a Menu Text nessage or radio to cross HOLTS and
mai ntain 12,000 feet. The aircraft in this sector are designed
to conflict wiwth low altitude overflights on the overflight route
| abel ed Low Altitude Additions. There are six low altitude
overflights (four are Data Link-equipped). The aircraft are
termnated from the scenario at fix point H2A (Atlantic City
| nternational Airport).

The aircraft novi ng west bound appear in sector 17 at 12,000 feet,
on Rt. 2 (see figure A-6) departing the eastern airport (Atlantic
Cty International) at fix point H2A This route contains nine
aircraft (six are Data Link-equipped). The aircraft are given a
clearance via Menu Text nessage or radio to clinb and maintain
flight level 230. The aircraft are inpacted by low altitude
overflights on the Low Altitude Additions route described in the
above paragraph. After the clearance is given, the aircraft are
handed off to high altitude sector 10. \When the aircraft enter
sector 10, they are given a clearance via a Menu Text nessage or
radio to cross RHOVE and maintain flight Ilevel 260. These
aircraft are inpacted by the high altitude overflight route
described in the above paragraph. The controller in sector 10
hands off aircraft to high-altitude sector O07.

When the aircraft are accepted in sector 07, a clearance is given
via a Menu Text nessage or radio to cross G.ADD and nmaintain
flight Ievel 240. The high altitude overflights that are
described in the above paragraph conflict with the aircraft in



this sector. The aircraft in sector 07 are handed off to |ow
altitude sector 03. A clearance via a Menu Text nessage or radio
to cross BATON and maintain 12,000 feet is given to the aircraft
in sector 083. The aircraft are termnated from the scenario as
t hey approach Phil adel phia International Airport.

The NASA/ Anes sinulator represents a departure traveling along
Rt.1 (see figure A-6) and appears to the controller no different

A-10
than the other aircraft in the scenario. Also, the GAT II
simul ator was assigned a special route as depicted in figure A-6.
This aircraft starts at 8,000 feet in low altitude sector 17,
clinbs to 12,000 feet, and then is handed off to low altitude
sector 03. The GAT Il conpletes its route in sector 03 at an
ai rport defined at fix point 3ETF.

In figure A-7, the Menu Text nessages are shown for each of the
four sectors in this scenario. When the run begins, these
nmessages are displayed on the sector PVD s. The appropriate
message is sent, when the controller takes an action, to the
aircraft as the situation warrants. The nessages with the | eading
plus sign, when sent to the aircraft, update the altitude field
in the aircraft’s full data bl ock on the PVD.

OPERATI ON EVALUATI ON SCENARI O #1 W TH 20 PERCENT
DATA LI NK- EQUI PAGE

This scenario consists of a total of 63 aircraft of which 19 are
Dat a Li nk-equi pped, as shown in figure A-8. The nunber of Data
Li nk-equi pped aircraft is the only difference between the two
versions of Operational Evaluation Scenario #1.

DESCRI PTI ON OF OPERATI ONAL EVALUATI ON SCENARI O #2

The Operational Evaluation Scenario #2 sinmulates a realistic,
high volume en route air traffic environnment sanple of arriva
and departure sectors. The information below describes the
scenarios with 70 and 20 percent Data Link-equi page.

OPERATI ONAL EVALUATI ON SCENARI O #2 W TH 70 PERCENT DATA LI NK-
EQUI PAGE

This scenario represents two separate traffic flows that operate
i ndependently of each other. The two traffic flows represent
arrival and departure routes in an en route center. In each of
the two traffic flows there is one low altitude sector and one



high altitude sector as shown in figure A-9. O the 78 aircraft,
4 (not shown in figure A-10) appear on the arrival routes at the
start of the run. |In addition, two aircraft sinulators were used
in this scenario: a Cessna 421 GAT Il Jlocated at the FAA
Techni cal Center a Boeing 727 flight sinmulator (NASA/ AVES).

The first of the two traffic flows in the scenario simulate
departures from an airport (upper portion of figure A-10) that
fly through low altitude departure sector 03 and high altitude
departure sector 10. The aircraft begin in sector 03 at 12,000
feet along one of the two departure routes, R. 1 or RE. 2 (see
figure A-10). Each departure route contains 12 aircraft (10 in
each route are Data Link-equipped) departing the western airport
(Phil adel phia International) at fix point D3B. The aircraft are
given a clearance via a Menu Text nessage or radio to clinb and
maintain flight level 230. Wthin sector 03, there is one
A-11
SECTOR - 03 SECTOR - 17

A. 120 X BATON MAIN A. 120 X HOLTS MAIN

B. +120 X BATON MAIN B. +120 X HOLTS MAIN

C. 230 CLIMB MAIN C. 230 CLIMB MAIN

D. +230 CLIMB MAIN D. +230 CLIMB MAIN

R. REQUESTED ALTITUDE R. REQUESTED ALTITUDE
Z_. DEFINED ALTITUDE Z_. DEFINED ALTITUDE
SECTOR - 07 SECTOR - 10

A. 240 X GLADD MAIN A. 240 X BOIDS MAIN
B. +240 X GLADD MAIN B. +240 X BOIDS MAIN
C. 250 X KMART MAIN C. 260 X RHOME MAIN
D. +250 X KMART MAIN D. +260 X RHOME MAIN
R. REQUESTED ALTITUDE R. REQUESTED ALTITUDE
Z_. DEFINED ALTITUDE Z_. DEFINED ALTITUDE



FIGURE A-7. NMENU TEXT DATA LI NK OPERATI ONAL EVALUATI ON
SCENARI O #1
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OVERFLIGHTS e 6(2)

/ 6(2) offioh Alude
Additions
ATLANTIC CITY
D2C OVERFLIGHTS INTERNATIONAL
" High Altitude
6(2) ™ E2G Additions AIRPORT
u 3(1)
Rt.3 F2A
B-727 AN
SIMULATOR D2A \ / GATII
= |/ G2F B SIMULATOR
/ START
L L /
\\
DB 4—— paa 6(2)
AN
PHILADELPHIA BATON \
INTERNATIONAL /
/ \ Rt F3K
AIRPORT N Low Altude
/ Addifons
F3E
62 |
Rt.4 OVERFLIGHTS
D3G 3ETF Legend:
gend:
OVERFLIGHTS X(Y)=X aircraft Y of which
are Data Link-Equipped.
Total aircraft = 57 + 6 at Start-Up
Total Data Link-Equipped = 40
HIGH AND LOW
HIGH SECTOR - 07 (FREQ 132.0) SECTOR BOUNDARY HIGH SECTOR - 10 (FREQ 123.0)
LOW SECTOR - 03 (FREQ 133.0) LOW SECTOR - 17 (FREQ 133.2)

FI GURE A-8. Al RCRAFT ROUTI NG DATA LI NK OPERATI ONAL EVALUATI ON
SCENARI O #1 (20% DATA LI NK- EQUI PACE)
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FI GURE A-9.
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EVALUATI ON SCENARI O #2
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overflight route, Rt. 3 (see figure A-10), containing seven
aircraft (three are Data Link-equipped) that are designed to
conflict wwth the departures. The sector 03 controller hands off
aircraft to high altitude sector 10. The aircraft in this sector
conflict with aircraft on the tw high altitude overflight
routes. Each of the overflight routes in sector 10 contains
seven aircraft (three in each route are Data Link-equipped).
This portion of the scenario contains 45 aircraft (29 are Data
Li nk- equi pped) .

The second of the two traffic flows sinulates aircraft arriving
at an airport (lower portion of figure A-10) that fly through
high altitude arrival sector 07 and low altitude arrival sector
17. At the start of this scenario, four aircraft are already en
route. This provides an initial ATC situation in this portion of
the scenario. The remaining aircraft begin in high altitude
arrival sector 07 along one of the two routes, Rt. 6 and Rt. 7
(see figure A-10). Rt. 6 contains 13 aircraft (11 are Data Link-
equi pped) and Rt. 7 contains 9 aircraft (8 are Data Link-
equi pped). The aircraft along Ris. 6 and 7 are given a cl earance
via a Menu Text nessage or radio to descend and maintain to
flight level 240 and/or cross HICOE and maintain flight |evel

240. As the aircraft are separated they are nerged into one
stream of traffic before they are handed off to low altitude
arrival section 17. When sector 17 receives control of the
aircraft, a clearance via a Menu Text nessage or radio is given
to descend and maintain an altitude of 12,000 feet. One | ow

altitude overflight route, Rt. 10, that contains seven aircraft
(four are Data Link-equipped) interfere with the stream of
arrival s. All of the arrivals are termnated at the eastern
airport (Atlantic City International) at fix point 4F. Thi s
port of the scenario contains 29 aircraft (23 are Data Link-

equi pped) .

The NASA/ AMES sinmulator was a departure traveling along R. 2
(see figure A-10) and appears to the controller as one of the
Boeing 727 aircraft. This aircraft participated in the scenario
in the sanme manner as the other aircraft on this route. The GAT
Il simulator was assigned a special route to travel that is
depicted in figure A-10. This aircraft starts at 9,000 feet in
|l ow al titude departure sector 03, clinbs to 10,000 feet, and then
handed off to low altitude arrival sector 17. The GAT 11
conpletes its route in sector 17 at an airport defined at fix
poi nt F3G



The Menu Text nessages, depicted in figure A-11, defined for each
of the four sectors in this scenario, appear on the sector PVD s
at the beginning of the run. As the situation warrants, the
appropriate Menu Text nessage is sent, upon a conputer input
action, to the aircraft. The nessages with the | eading plus sign
when sent to the aircraft update the altitude field in the
aircraft’s FDB on the PVD.

A-16
SECTOR - 03 SECTOR - 17
A. 230 CLIMB MAIN A. 120 X FLATO MAIN
B. +230 CLIMB MAIN B. +120 X FLATO MAIN
R. REQUESTED ALTITUDE C. 120 DESCEND MAIN
Z_. DEFINED ALTITUDE D. +120 DESCEND MAIN

R. REQUESTED ALTITUDE
Z_. DEFINED ALTITUDE

SECTOR - 07 SECTOR - 10

A. 240 DESCEND MAIN R. REQUESTED ALTITUDE
B. +240 DESCEND MAIN Z_. DEFINED ALTITUDE
C. 240 X HICOE MAIN
D
R
Z

. +240 X HICOE MAIN
- REQUESTED ALTITUDE
- DEFINED ALTITUDE



FI GURE A-11. MENU TEXT DATA LI NK OPERATI ON EVALUATI ON
SCENARI O #2

A-17

This scenario consists of 78 aircraft of which 18 are Data Link-
equi pped as shown in figure A-12. The nunber of Data Link-

equi pped aircraft is the only difference between the two versions
of Operational Evaluation Scenario #2.

EN ROUTE RADAR CONTROLLER DATA LI NK CHART

These charts (see figure A-13) are quick reference guides on the
Dat a Link services/functions nessage input format. The Data Link
services/functions listed on the charts are those included in the
test bed. The first two charts provide procedures for entering
Data Link nessages; the last two charts provide additional
information on the Data Link synbol ogy and Data Link status |ist.
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OVERFLIGHTS

(Rt#3) . 2E . ¢ )
Rt#: F.

OVERFLIGHTS

70

. E2C

(Rt.1) / j

PHILADELPHIA
INTERNATIONAL 12 (3)
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A Total Data Link-Equipped = 40
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FI GURE A-12. Al RCRAFT ROUTI NG DATA LI NK OPERATI ONAL EVALUATI ON
SCENARI O #2 (20% DATA LI NK- EQUI PACE)
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PURPOSE Q/A Key CAT Key FUNC Key FIELD CONTENT | COMMENTS
DATALI NK
Sector Set-Up Option
Service Active Mde DLC DATALI NK 1 or ON ON wi Il appear on PVD.
SETTI NG 0 or OFF OFF del etes the DATALI NK
set-up indicators fromPVD
Status List Display DLC DATA LI NK P or N P=PVD/ n = No Display
SETTI NG Devi ce
SERVI CE
Al titude Assignment
Assigned Altitude ASGD ALT ddd S AID NAS & FDB updated on WLCO
()
InterimAltitude I NTERI M ALT ddd S AID FDB updat ed on W LCO
(X
MVENU TEXT
InterimAltitude | NTERI M ALT a AID + in Menu Text nessage
(QQ updates t he FDB.
Ais the reference letter of the
Menu Text message.
Z- Menu Text I NTERI M ALT Z ddd AID FDB i s not updat ed.
(X
Free Text Uplink DLC T LLL AID LLL (up to 20 characters).
or ALL option sends nessage
T LLL ALL to all aircraft under sector
control .
FI GURE A- 13. EN ROUTE RADAR CONTROLLER DATA LI NK CHART (SHEET 1 OF 4)
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PURPOSE Q/A Key CAT Key FUNC Key FIELD CONTENT | COMMENTS
Transfer of
Communications
Accept Handoff (QZ/0N) AID Accept Handoff causes message

to be placed in HELD status.
The initial controller can
send, resend or delete msg.

Resend Transfer of TB SL MSG Trackball Status List.
Communications | | ——————— || | ——_———_——_——__——_—_——_——_———_——_—— =
DLC AID Resends the first failed

TOC message.

TB AC Track | Trackball AC track symbol.

List Management
Menu Text List

Reposition List PVD T TB Trackball to new PVD area.
Delete Menu Text DLC MENUBUILD a a is the reference letter of
Message the Menu Text message.
Status List

Reposition List PVD L TB Trackball to new PVD area.
Delete Status List D TB MSG Trackball Status List
Message Message.

FI GURE A-13. EN ROUTE RADAR CONTROLLER DATA LI NK CHART (SHEET 2 CF 4)
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Field Name Format Comments Field Name Format Comments
Al D (02) La(a)(a)(a)(a)(a) Service Type AA, TC, MI, FT Al titude Assignnent,
dda, dddd; X Transfer of Conm
trackbal | Menu Text Upli nk,
Free Text Upli nk,
Assi gned ddd
At (08) Data Link (DL) Synbol appears
Equi pped wi t hout L 4 in data bl ock next
Li st Displ ay L, T St at us, Menu DL Eligibility to FLID.
I dent (61) Text
Interim ddd or Rddd DL Equi pped with Synbol appears
Al titude or T DL Eligibility i n data bl ock next
to FLID
Trackbal | (65) B DL Equi pped Waiting for response
DL Eligibility 1 to uplinked TCC
Text T Up to 20 message.
characters. Pendi ng DL Message
FLI D La(a)(a)(a)(a)(a)
Al titude Assignnents SSWF Synbol appears in
and FDB Field B,
InterimAltitude S = Sent,
Data Link Status W= WI co,
F = Failed
FI GURE A- 13. EN ROUTE RADAR CONTROLLER DATA LI NK CHART (SHEET 3 OF 4)
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DATA LINK STATUS LIST FORMAT

Examples

UAL 1234 TC 23.450 WIL Where:

\; v \/ TB Point = Designated area to Trackball.
. o Siaws FLID = Aircraft Identification or Call Sign

POINT Senvice (up to 7 characters).

FLID
Type

Data Area = An area that shows the instruction/
command sent to pilot
(up to 6 characters).
TWA2579 AA 270 DLV Status Indicator = Current status of message
‘DALL680 MT A 250 SNT (SNT=SENT, DLV=DELIVERED,
.BAL8048 FT CALL CNAK
WIL=WILCO,HLD-HELD,NAK=No
Acknowledgement, FAI=FAILED).

FI GURE A-13. EN ROUTE RADAR CONTROLLER DATA LI NK CHART (SHEET 4 CF 4)
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APPENDI X B

MEASURES OF CONTROLLER WORKLOAD, DESI GN PREFERENCE,
AND OPERATI ONAL EFFECTI VENESS



TABLE OF CONTENTS

Page
| NTRODUCTI ON B-1
WORKLCAD MEASUREMENT B-1
Subj ective Wrkl oad Assessnent Techni que
(SWAT) Scal e Devel opnent B-1
SWAT Wor kl oad Results B-3
RATI NGS OF OPERATI ONAL EFFECTI VENESS B-9
RATI NGS OF CONTROLLER ACCEPTANCE/ PREFERENCE B-9
CONTROLLER COMVENTS B-11
Testi ng Sequence B-11
Ceneral Comments About Data Link B-11
Servi ce Designs B-11
Ef fects of Data Link Equi page Level B-12
Ext ended Data Li nk Del ays B-12
Use of Voice Radio with Data Link
Equi pped Aircraft B-13
Free Text B-13
ATC I ncidents B-13
SWAT WORKLOAD RATI NG | NFORVATI ON B- 13
REFERENCES B- 13
ATTACHVENT b- 15



B-3
B- 4

B-5

LI ST OF | LLUSTRATI ONS

SWAT Rating Scal e

Controller Wrkload in Voice Only and
Dat a Li nk Conditions

Test Sequence Effect on Controller Wrkload
Controll er Workl oad 0% and 20% Test s

Operational Effectiveness and Controller
Preference

B-iii

Page

B-2

B-5

B-8

B- 10



| NTRODUCTI ON

This appendi x presents the detailed results of the operationa
eval uation study that were obtained from controllers during the
simulation runs in the Data Link test bed. These results were
derived from overall workload ratings taken after each test
condi tion, and from ratings of operational effectiveness/
suitability and controller accept ance/ preference collected
imedi ately after each subject had conpleted the full series of
seven test runs. In addition, witten comments elicited fromthe
controllers during the test bed sessions are sunmari zed here.

WORKLOAD MEASUREMENT

SUBJECTI VE WORKLOAD ASSESSMENT TECHNI QUE (SWAT) SCALE
DEVELOPIVENT.

Control |l er workl oad was assessed by the test subjects imediately
following each sinulation run using a subjective rating nethod
known as the SWAT. SWAT was developed in the early 1980's by
U S Ar Force researchers in order to provide a standard rating
met hod that results in quantitative, interval |evel estimates of
the workload experienced by operators during sinulation and
operational tests (Reid and Nygren, 1988). SWAT was used
successfully for evaluation of air traffic controller workload in
both of the prelimnary Data Link Mni Studies (Talotta, et al.
1988, 1989).

SWAT consists of a rating scale which requires the subject to
judge the workload experienced during a period of task
performance as a conbination of ratings on three, 3-point scales
representing the dinensions of tine |oad, nental effort |oad, and
psychol ogi cal stress. The SWAT scale is shown in figure B-1.

In order to generate quantitative data using this scale, subjects
provide information on how tinme, effort, and stress conbine to
produce their individual concepts of nmental workload. This scale
devel opnent exercise 1is acconplished prior to actual data
collection by asking subjects to sort a set of 27 cards on which
are printed all possible conbinations of the descriptors on the
time, effort, and stress scales. Subjects sort the cards to
produce an ordering that represents situations ranging from | ow
to hi gh workl oad. The sorts are then subjected to conputerized
conj oi nt anal ysis which determ nes the conbinatory rul e governing



each subject's sequence. An iterative routine is then applied to
generate an interval scale value for each of the possible tineg,
effort and stress ratings which preserves the original ordering
and fits the identified rule. The result of this process is a
| ook-up table for each subject, or group of simlar subjects,
that converts the discrete tinme, effort, and stress ratings to an
overall unitary scale wth values ranging fromO to 100.

TIME LOAD

1. Often have spare time. Interruption or overlap
among activities occur infrequently or not at
all.

2. Occasionally have spare time. Interruptions or
overlap among activities occur frequently.

3. Almost never have spare time. Interruptions or
overlap among activities are very frequent or
occur all the time.

MENTAL EFFORT LOAD

1. Very little conscious mental effort or
concentration required. Activity is almost
automatic, requiring little or no attention.

2. Moderate conscious mental effort or concentration
required. Complexity of activity iIs moderately
high due to uncertainty, unpredictability, or
unfamiliarity. Considerable attention is
required.

3. Extensive mental effort and concentration
are necessary. Very complex activity
requiring total attention.

PSYCHOLOGICAL STRESS LOAD

1. Little confusion, risk, frustration or anxiety
and can easily be accommodated.

2. Moderate stress due to confusion, frustration or
anxiety. Noticeably adds to workload.
Significant compensation is required to maintain
adequate performance.

3. High to very iIntense stress due to confusion,



frustration or anxiety. High to extreme
determination and self-control required.

FIGURE B-1. SWAT RATI NG SCALE

B-2

Prior to participation in the test bed sessions, all eight
subj ects conpl eted the SWAT card sort task described above. The
instructions provided to subjects for the card sort and for use
of the SWAT scale are included as the final section of this
appendi Xx.

A Kendal |'s Coefficient of Concordance conputed on the card sorts
produced by the eight subjects yielded an index of association
anong the card orderings of 0.79. In the SWAT net hodol ogy, this
| evel of agreenent is considered acceptable for conputation of a
group scale. To evaluate the "goodness of fit" of the average
group sort data to an additive nodel, the required axiomtests of
conjoint neasurenent were applied. These tests resulted in O
violations out of 324 tests for the independence axiom O
violations out of 8 tests for the double cancellation axiom and
7 violations out of 324 tests for the joint independence axiom
Since this finding is well below the SWAT criterion of 20 tota
violations for rejection of the nodel, a group scale was conputed
for interpretation of each of the 27 possible SWAT tinme, effort,
and stress ratings. This nunerical scale assigned an approxi mate
i nportance of 37.37 percent to the tine factor, 21.67 percent to
the effort factor, and 40.96 percent to the stress factor. Al
subsequent anal yses of SWAT ratings obtained fromthe subjects in
the test bed runs were perfornmed on the corresponding val ues
obtained from this unitary scale. Table B-1 presents the card
order data for each subject as well as the derived scal e val ues
assigned to each possible rating.

SWAT WORKLOAD RESULTS.

Al subjects conmpleted a SWAT rating imediately follow ng each
of the seven test runs. The primary statistical analysis
performed on the SWAT scores was based on the data fromthe basic
test runs in which the subjects controlled traffic in a baseline




(no Data Link) condition, and under 20 percent and 70 percent

m xes of aircraft Data Link equipage. These conditions were
repeated for two different ATC scenarios, yielding six test runs
for each subject. Subj ects were tested in two groups of four

subj ects each. The two groups experienced the baseline and Data
Link conditions in different sequences in order to reduce rating
bias and to permt inspection of the effects of scenario
famliarization.

A three-factor ANOVA (Goup x Scenario x Equi page) with repeated
measures on the final two factors was perfornmed on the data from
the basic test runs. This analysis tested the significance of
each of these main effects as well as any interactions anong the
factors. Figure B-2 shows the nean SWAT scores produced by the
conbi ned groups as a function of Data Link equipage |evel and
test scenario

The results of the analysis revealed no significant effect of any

of the three primary factors (F<1). That is, SWAT ratings did

not differ significantly between groups, scenarios, or anong the
B-3

TABLE B-1. SWAT CARD SORTS AND GROUP SCALE CONTROLLER SURVEY

Group

Scale

TES 1 2 3 4 5 6 7 8 \Value
111 1. 00 1.00 1.00 1.00 i.00 1,00 1.00 1.00 0.0
112  10.00 7.00 6.00 4.00 3.00 4.00 2.00 11.00 22.1
113  13.00 12.00 15.00 8. 00 9.00 7.00 3.00 21.00 41.0
121 2.00 2.00 3.00 5. 00 2.00 2.00 4.00 4.00 10.8
122  11.00 5.00 13.00 6. 00 4.00 8.00 6.00 13.00 32.9
123  14.00 16.00 21.00 9.00 11.00 10.00 7.00 23.00 51. 8
131 3.00 8.00 7.00 7.00 5.00 5.00 5. 00 8. 00 21.7
132 12.00 13.00 17.00 16.00 10.00 15.00 8.00 16.00 43.7
133 15.00 20.00 25.00 18.00 14.00 22.00 9.00 24.00 62.6
211 4.00 3.00 2.00 2.00 6.00 3.00 10.00 2.00 14.9
212  16.00 6.00 11.00 10.00 15.00 9.00 11.00 10.00 37.0
213 19.00 17.00 16.00 11.00 13.00 12.00 14.00 20.00 55. 9
221 5. 00 4.00 4.00 12.00 7.00 6.00 12.00 5. 00 25.7
222 17.00 15.00 14.00 14.00 12.00 13.00 15.00 14.00 47.8
223 20.00 23.00 23.00 15.00 18.00 21.00 16.00 18.00 66.7
231 6.00 10.00 9.00 19.00 16.00 14.00 13.00 6. 00 36.6
232 18.00 19.00 20.00 20.00 8.00 18.00 17.00 15.00 58. 6
233 21.00 25.00 26.00 24.00 17.00 25.00 18.00 26.00 77.5
311 7.00 9.00 5.00 3.00 19.00 11.00 19.00 3.00 37.4
312 22.00 18.00 12.00 22.00 20.00 16.00 20.00 12.00 59.5
313 25.00 24.00 19.00 21.00 21.00 23.00 21.00 22.00 78.3
321 8.00 11.00 8.00 13.00 22.00 17.00 22.00 7.00 48. 2
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FI GURE B-2. CONTROLLER WORKLOAD IN VO CE ONLY AND DATA LI NK

CONDI TI ONS
B-5
baseline and Data Link test conditions. In addition, no two-way
interactions anong the factors were significant. However, the

three-way interaction anbng groups, scenarios, and equipage
| evel s was significant (F(2,12)=3.89, p<.05).

This conmplex interaction effect can be interpreted by inspecting
the effect of testing sequence within the two test scenarios. In
desi gning the operational evaluation study, it was decided that
the subjects would not receive explicit practice wth, or
exposure to, the test scenarios in order to maintain notivation
during the repeated testing. This decision introduced the
possibility that workload ratings «could be affected by
famliarization with the scenarios during testing, and that these
effects would confound the inpact of equipage levels and their
conparison to the baseline condition. As noted earlier, an
attenpt was nmde to provide a partial <control for this
confounding by testing the two groups with different orders of
exposure to the Data Link and non-Data Link conditions.

To address the testing sequence effect, the ANOVA was repeated
wWth test order substituted for the equi page factor. The SWAT
scores are plotted to show this effect in figure B-3. The
apparent decrease in perceived workload over test trials that can
be seen in figure B-3 was confirmed by the analysis. The test
order factor was significant (F(2,12)=S.53, p<.05). No ot her
main effects or interactions were statistically significant.



Figure B-4 clearly shows the apparent dom nance of the scenario
famliarization effect on workload ratings. Since the 70 percent
Data Link condition was presented in the second position of the
test sequence for both groups in both scenarios, this figure
focuses on the baseline 0 and 20 percent equipage |evels which
alternated as the first and |l ast conditions wthin each scenari o.
As figure B-4 indicates, the primary determ nant of which of the
two conditions received the greater workload rating was the order
of presentation: if Data Link was used first in a scenario, it
was rated as the nore difficult test; if baseline was tested
first, its workload was greater than Data Link.

This result suggests that the original three-way interaction
obtained in the primary analysis was largely attributable to the
sequence effect which was reflected in the conbination of the
group, scenari o and equi page factors. More inportantly, this
finding confirnms and extends the results of the first analysis,
and i ndi cates that:

1. Controller workload was unaffected by the substitution of
Data Link procedures for current voice radio procedures (for the
ATC servi ce designs tested).

2. Controller workload did not differ in the low (20 percent)
and high (70 percent) Data Link-equi page environnents.
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MEAN SWAT WORKLOAD SCORE

1st Test 2nd Test 3rd Test
ORDERS OF TESTS

SCENARIO

B Scenario 1 B Scenario 2

FI GURE B-3. TEST SEQUENCE EFFECT ON CONTROLLER WORKLOAD



B-7

MEAN SWAT WORKLOAD SCORE
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MEAN SWAT WORKLOAD SCORE
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Data Link
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Test Sequence

BGrp 1: 20% - 0% BEGrp 2: 0% - 20%

SCENARIO 2

FI GURE B-4. CONTROLLER WORKLOAD 0% AND 20% TESTS
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3. Cccasional observed differences in workl oad between voice and
Data Link tests were not statistically significant and were
attributable to scenario famliarity, regardl ess of t he
procedures used.

A final statistical test performed on the SWAT workload data
conpared the 70 percent Data Link equipage test run under
scenario 1 with a seventh test condition. This condition was
identical to the fornmer test, but doubled average Data Link tine
delays to a predicted "worse case" |evel. The mean SWAT score
for the conbined groups in the normal delay condition was 17. 86,
while in the extended delay run the nean score was 16. 06. No
statistically significant difference between the neans was
detected (t(7)=.278, p>.3).

RATI NGS OF OPERATI ONAL EFFECTI VENESS

After conpleting all seven test runs, each subject rated the
tested Data Link service designs in ternms of how well they would
meet operational requirenents wunder the full range of ATC
environnents and variations. The subjects were instructed to
rate the effectiveness of each design independently of whether
they felt it was easy to wuse or wuld be acceptable to
controllers. The rating scale permtted the subjects to classify
a service as "not operationally suitable" or on a scale ranging
from1l (highly effective) to 7 (mnimally effective).

None of the services were rated "not operationally suitable"™ by
any of the subjects. The median ratings for each service are
shown in figure B-5. W coxon nonparanetric statistical tests
i ndi cated that Transfer of Communi cation (TOCO), Al titude
Assi gnnent (AA) and Menu Text for InterimAltitudes (M) were all
rated higher than the scale mdpoint (neets nost operational
requirenments). Addi tional tests showed that TOC and MI were
equally effective designs and that both of these were nore
effective than AA. AA was significantly nore effective than Free
Text (FT). Though rated | owest of the group, FT was not rated
significantly | ower than the scal e m dpoint.

RATI NGS OF CONTROLLER ACCEPTANCE/ PREFERENCE

The subjects were also asked to classify each of the tested
service designs according to how acceptable the procedures,

di splays and inputs would be to controllers. Subj ects were
instructed to make this rating independently from their
eval uation of the perceived effectiveness of the design. The

rating scale permtted the subjects to classify a service as
"conpl etely unacceptable” or on a preference scale ranging from1l
(highly preferred) to 7 (acceptable, but not preferred).



None of the tested services were rated as "conpletely unacceptabl e”
by any of the subjects. The median preference ratings are shown
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Operational Effectiveness* Controller Preference #

TOC AA MT (Int Alt) FT

Data Link Service

B Effectiveness B Preference

* 1:Mnimally Effective ® # 1: Acceptabl e, But Not Preferred ®
7:H ghly Effective 7: Highly Preferred

Median Ratings (Inverted 8-R)

FI GURE B-5. OPERATI ONAL EFFECTI VENESS AND CONTROLLER PREFERENCE
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in figure B-5. W coxon tests indicated that TOC, AA, and M
were all rated higher than the scale mdpoint (noderately
preferred). Furthernore, TOC was significantly nore preferred
than AA, which was, in turn, nore highly preferred than M.
Though rated significantly less preferred than the other three
services, FT was not rated significantly lower than the scale
m dpoi nt .

Controller comments were solicited on the SWAT rating forns and

on "incident forns," which were conpleted following each
simulation test run. Addi tional comrents were recorded by
controllers while conpleting the ratings of effectiveness and
preference for each service. Because simlar coments were

obtained on the inter-trial and post-test data sheets, they were
anal yzed as a single group. The followng are brief, categorical
summari es of these comments:

TESTI NG SEQUENCE.

As noted in the presentation of the SWAT data, the order of
testing within a scenario appeared to profoundly affect the
subjects' perceived workload, regardless of whether a test
i nvol ved voice radio procedures or Data Link. Subj ect comrents
strongly support the conclusion that any cases of increased
wor kl oad under Data Link or Baseline conditions were attributable
to unfamliarity wth the test scenario. A total of nine
coments which referred to the relationship between the test
scenario and workload were recorded. Three of the remarks

indicated that the workload of the scenario was high. Al'l of
these were recorded followng the first test run within a
scenari o (regardl ess of equipage). Si x comments indicated that

the preceding run had been especially easy to deal wth. Al six
were recorded in reference to the final run with a scenario.

GENERAL COVMENTS ABOUT DATA LI NK.

A total of 17 comrents were received regarding the general i npact
of Data Link on the ATC task. All of these were positive
comments. The nost common remarks referred to reduced frequency
congestion, reduced requirenments for responding to pilot check-in
and for nonitoring for voice responses to clearances, general
wor kl oad reduction and nore available tinme, and reduced chance
for pilot interpretation errors. O her comrents noted the high
frequency with which the subject was able to enpl oy Data Link.



SERVI CE DESI GN\S.

One subject noted that the Data Link equi page synbol ogies in the
Full Data Block (FDB) may be confusing to controllers. He
indicated that the dianond synbol may be msinterpreted as a
"flat track” synbol, and that the hourglass appeared simlar to a
formerly used synbol denoting that another sector has track
control and hol d.
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Two subjects indicated that an inproved display may enhance the
detectability by a receiving controller of the change from the
di anond to the hourglass synbol (after a TOC). As noted by one
of the subjects, under the current voice systemthe pilot check-
in cues the controller that the aircraft is ready to receive
i nstructions. In the Data Link system the controller nust
monitor closely for the change to the hourglass synbol. Thus,
this change in Data Link eligibility state may require a nore
obvious and salient signal to prevent excessive task demands on
the controller.

One controller was particularly concerned wwth the "FAIL" nessage
in the FDB. Since this nessage does not discrimnate anong a
pil ot "UNABLE" response, a failed technical acknow edgnent ( NAK)
or a timeout, he found hinself attenpting to repeat uplinks when,

in fact, the pilot had unabled the clearance. He suggested
elimnating the UNABLE pil ot Data Link response and devel oping a
standard procedure requiring pilots to nmake a voice radio call if

i ncapabl e of conplying with a controller's instruction.

A final recommendation was provided by a controller who indicated
that he sonetines forgot whether he had pressed the appropriate
key to uplink an altitude (S). He felt that such confusions
would be reduced by increasing the duration of the "WLCO
di spl ay presentation. A second controller also noted the need
for nore visual feedback after an altitude assignnent to reduce

the nonitoring demands of the task. It should be noted that this
issue may be resolved by a design nodification which was in
progress during the study. This nodification will present an

alternating display of the original and newy assigned altitudes
until a pilot WLCO is received.

In general, the problens noted during the test bed sessions were
few in nunber. However, they tended to center around needed
reductions in the visual nonitoring demands of conpleting Data
Li nk transacti ons.

EFFECTS OF DATA LI NK EQUI PAGE LEVEL.




The SWAT data indicated that there were no significant
differences in workload between the 70 and 20 percent |evels of

aircraft equipage. This finding was supported by controller
comment s. Four remarks were recorded in reference to this
vari abl e. All noted that neither low nor high densities of

equi pped aircraft had a negative inpact on the controller.

EXTENDED DATA LI NK DELAYS.

The workload data revealed no difference between normal and
extended Data Link delays. This result was also supported by
controller remarks. Four subjects commented on delay effects
Al indicated that they did not feel the extended delay had a
significant inpact on their perfornmance.
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USE OF VO CE RADI O W TH DATA LI NK EQUI PPED Al RCRAFT.

Three subjects commented that they had occasionally used radio
contacts with equipped aircraft. In all cases, these subjects
noted that the reversion to voice was nade only during tinme-
critical situations when rapid conpliance was required. None of
t he subjects reported problens in shifting between voice and data
link as required by availability of the Ilink or by tine
constraints.

FREE TEXT.

Al though not explicitly instructed to do so, several subjects
indicated that they had used the free text service to issue
control instructions. Two subjects noted that they had used
free text successfully for heading changes. However, as
expected, one subject indicated that free text required excessive
keyboard inputs for regular use. One subject also noted that he
m styped a free text control instruction which caused pilot
confusion. A third subject comented on the high probability of
controller and pilot errors when free text was used to issue ATC

i nstructions. These remarks indicate that the lack of error
checking and high input demands nake free text primarily
sui tabl e for its originally intended purpose of energency
communi cations or for use by a "D' controller. The subject's

spont aneous use of free text for ATC instructions, and their
subsequent discovery of its unsuitability for this purpose, also
appears to explain the |lower effectiveness and preference ratings
received by this service conpared to the other three data |ink
functions tested.

ATC | NCl DENTS.

An I ncident Coments form was available to the subjects and the
facilitator controllers after each test run to record any
observed events which may have inpacted the overall safety and
efficiency of ATC No incidents were reported on any of the



trials which would indicate a difference in ATC perfornmance or
effecti veness between current, baseline conditions and the Data
Li nk conditi ons.

SWAT WORKLOAD RATI NG | NFORVATI ON

Attached to this appendix are instructions that were issued to
the controller subjects prior to actual testing.
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ATTACHVENT

SWAT WORKLOAD RATI NG | NSTRUCTI ONS

A major goal of this study is to obtain expert opinions fromair
traffic controllers about the wusefulness of Data Link for

providing a selected group of ATC services. VWile we will be
asking you for a wde variety of coments during the study, a
maj or focus will be the quantitative data that we collect about
controller workload froma rating scale that you will be asked to
conplete after each test run in the sinulation facility. The
purpose of this docunment is to famliarize you with the scale
that will be used to nmake your workload ratings, and to describe
a special procedure that we wll ask you to perform which wl

help us to interpret your ratings on the scale. The materi al
presented here will be reviewed in a briefing that you wll

receive before we start the sinmulation runs.

WORKLQAD RATI NGS.

After each test run you will be asked to conplete a sinple rating

scale that neasures the |evel of workload that you actually
experienced while controlling traffic during the run. The scale
that we wll be using for the workload ratings is known as

Subj ective Workl oad Assessnent Techni que SWAT. SWAT was devel oped
as a nmethod for collecting quantified data on how hard a human
operator has to work in acconplishing his job duties using
di fferent procedures, equipnent, etc., to performthem



|f you examne the scale in figure 1 you will notice that SWAT
defines workload in terns of a conbination of three different
di mrensions that contribute to the subjective feeling of "working
hard.” A workload rating in SWAT is acconplished by selecting a
"1," "2," or "3" on EACH of the three scales representing the
di mensi ons of TINME LOAD, MENTAL EFFORT, and PSYCHOLOG CAL STRESS
LQAD.

Each of these dinmensions and their |evels are descri bed bel ow

TI ME LOAD.

Tinme Load refers to the fraction of the total time that you are
busy. Wien Tine Load is low, sufficient tine is available to
conplete all of your nental work wth sone tine to spare. As
Tinme Load increases, spare tinme drops out and sone aspects of
performance overlap and interrupt one another. This overlap and
interruption can cone from performng nore than one task or from
di fferent aspects of performng the sanme task. At high |levels on
Ti me Load, several aspects of performance often occur
simul taneously, you are busy, and interruptions are very
frequent.

Time Load may be rated on the three-point scal e bel ow
TIME LOAD

1. Often have spare time. Interruptions or overlap

among activities occur infrequently or not at all.
2. Occasionally have spare time. Interruptions or
overlap among activities occur frequently.

3. Almost never have spare time. Interruptions or
overlap among activ ities are very frequent or
occur all the time.

MENTAL EFFORT LOAD

1. Very little conscious mental effort or

concentration required. Activity is almost

automatic, requiring little or no attention.

2. Moderate conscious mental effort or concentration
required. Complexity of activity is moderately

high due to uncertainty, unpredictability, or
unfamiliarity. Considerable attention is



required.

3. Extensive mental effort and concentration
are necessary. Very complex activity
requiring total a ttention.

PSYCHOLOGICAL STRESS LOAD

l. Little confusion, risk, frustration or anxiety

and can easily be accommodated.

2. Moderate stress due to confusion, frustration or
anxiety. Noticeably adds to workload.

Significant compensation is required to maintain
adequate performance.

3. High to very intense stress due to confusion,
frustration or anxiety. High to extreme
determination and self-control required.
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1. Oten have spare tine. Interruptions or overlap anong
activities occur infrequently or not at all.

2. Cccasionally have spare tine. |Interruptions or overl ap anong
activities occur frequently.

3. Alnobst never have spare tine. |Interruptions or overlap anong
activities are very frequent, or occur all the tine.

MVENTAL EFFORT LOAD.

As descri bed above, Tine Load refers to the anmount of time one
has available to perform a task or tasks. In contrast, Mental
Effort Load is an index of the anount of attention or nental
effort required by a task regardl ess of the nunber of tasks to be
performed or any tinme limtations. When Mental Effort Load is
low, the concentration and attention required by a task is
m ni mal and performance is nearly automatic. As the demand for
mental effort increases due to task conplexity of the anount of
information which nust be dealt wth in order to perform
adequately, the degree of concentration and attention required
i ncreases. Hi gh Mental Effort Load demands total attention or
concentration due to task conplexity or the anmount of information
t hat nust be processed.

Mental Effort Load nay be rated using the three-point scale
bel ow



1. Very little <conscious nental effort or concentration
required. Activity is alnost automatic, requiring little or no
attention.

2. Moder ate conscious nental effort or concentration required
Complexity or activity is noderately high due to uncertainty,
unpredictability, or unfamliarity. Consi derable attention
required.

3. Extensive nental effort and concentration are necessary. Very
conplex activity requiring total attention.

PSYCHOLOG CAL STRESS LQAD.

Psychol ogi cal Stress Load refers to the contribution to total
wor kl oad of any conditions that produce anxiety, frustration, or

confusion while performng a task or tasks. At low levels of
stress, one feels relatively relaxed. As stress increases,
conf usi on, anxi ety, or frustration increase and (greater

concentration and determ nation are required to maintain control
of the situation

Psychol ogi cal Stress Load may be rated on the three point scale
bel ow
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1. Little confusion, risk, frustration, or anxiety exists and
can be easily accommodat ed.
2. Moderate stress due to confusion, frustration, or anxiety
noti ceably adds to workl oad. Significant conpensation is

requi red to nmai ntain adequat e perfornance.

3. High to very intense stress due to confusion, frustration, or
anxiety. Hgh to extrene determnation and self-contro
required.

Each of the three dinensions just described contribute to
wor kl oad during performance of a task or group of tasks. Not e
that although all three factors may be correl ated, they need not
be. For exanple, one can have many tasks to performin the tine
available (high Tinme Load) but the tasks may require little

concentration (low Mental Effort Load). Li kewi se, one can be
anxious and frustrated (high Stress Load) and have plenty of
spare tinme between relatively sinple tasks. Since the three

di mrensions contributing to workload are not necessarily
correlated, please treat each dinension individually and give
i ndependent assessnents of the Tine Load, Mental Effort Load, and
Psychol ogi cal Stress Load that you feel were inposed during each
test run.



The formthat you will be using to nmake your SWAT ratings during
the Data Link test session is shown in figure 2. Note that the
descriptions for each level of tinme, effort, and stress |oad have
been renobved to save space. Should you need to review these
descriptions during testing, a copy of the full scale wll be
avai l able at all tines.

SWAT SCALE DEVELOPMENT CARD SORT.

Now that you are famliar with rating scale that wll be used
during the Data Link Test sessions, there is one |ast procedure
that nmust be conpleted before testing can begin. This procedure
is a card sorting task that will allow us to interpret your SWAT
wor kl oad ratings. W wll be asking to do this task during the
briefing that will take place to review the rating scales.

One of the nost inportant features of SWAT is its unique scoring
system The devel opers of SWAT recogni zed that different people
have different conceptions of how the tine, effort and stress
di mensi ons conbine to produce an overall inpression of |ow and
hi gh wor kl oad. Because of these differences, a special card
sorting procedure is used in SWAT to define a distinctive
wor kl oad scale for each person. This individualized scale
greatly inproves our ability to accurately interpret the actua
wor kl oad ratings that you will making during the test sessions.

In order to develop your individual scale, we need information
fromyou regardi ng the anmount of workload that you feel is
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NAME  _
SECcCrorR  _____________ . ___
TEST CONDITION:
SCENARIO 1-- 2---
EQUIPAGE LEVEL 20%--- 70% _

0% (VOICE ONLY) _

Rate the workload that you actually experienced while
controlling air traffic during this test run by placing

an “X” below one of the:numbers on the TIME, EFFORT
and STRESS scales.



(Low) (High)

TIME LOAD e ____  ____
MENTAL EFFORT
STRESS

COMMENTS:
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produced by various conbinations of the three levels of the tineg,
effort, and stress dinensions. W get this information by having
a person rank order a set of cards. Each card contains a
different conbination of the levels of Tinme Load, Mental Effort
Load, and Stress Load. Since there are three dinensions, and each
di mension has three levels, there are 27 cards in the deck that
you will be sorting. Your job will be to sort the cards so that
they are ranked according to the | evel of workload represented by
each card. Thus, the first card in the deck wll represent the
| onest workload and the last card wll represent the highest
wor k| oad.

In conpleting your card sorts, please consider the workload
i nposed on a person by the conbination represented in each card.
Arrange the cards from the | owest workload condition through the
hi ghest conditi on. You may use any strategy you choose in rank

ordering the cards. One strategy that proves useful is to
arrange the cards into a nunber of prelimnary stacks
representing "Hi gh," "Mderate," and "Low' workl oad. | ndi vi dua

cards can be exchanged between stacks, if necessary, and then
rank ordered within stacks. Stacks can then be reconbined and



checked to be sure that they represent your ranking of |owest to
hi ghest wor Kkl oad. However, the choice of strategy is up to you
and you shoul d choose the one that works best for you.

There is no "school solution" to this problem There is no
correct order. The correct order is what, in your judgnment, best
descri bes the progression of workload from | owest to highest for
a general case rather than any specific event. That | udgnent
differs for each of us. The letters you see on the back of the
cards are to allow us to arrange the cards in a previously
random zed sequence so that everyone starts with the sane order.
| f you exam ne your deck you will see the order on the back runs
fromA through Z and then ZZ

Pl ease renenber:

1. The card sort is being done so that a workload scale may be

devel oped for you. This scale will have a distinct workload
val ue for each possible conbination of Tinme Load, Mental Effort
Load, and Psychol ogical Stress Load. The follow ng exanple

denonstrates the relationship between the card sort and the
resul ti ng workl oad scal e:

TI ME EFFORT STRESS WORKLOAD SCALE
1 1 1 0.0
3 3 3 100. O
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Note that other than the fact that a 1-1-1 will always represent

the | owest workload and that a 3-3-3 wll always represent the
hi ghest workl oad, the remai ning cards could occur in a nunber of
orders. Your order will depend on how you wei ght the inportance

of Tinme, Effort, and Stress di nensi ons.

2. \Wen performng the card sorts, use the descriptors printed
on the cards. Please renenber not to sort the cards based on one
particular task (such as controlling air traffic). Sort the
cards according to your general view of workload and how
i nportant you consider the dinensions of Tine, Mental Effort, and
Psychol ogi cal Stress Load to be.

3. During the Data Link test runs, you wll acconplish the
desired task. Then, you will provide a SWAT rating based on your
opinion of the nental workload that you experienced while
performng the task. This SWAT rating wll consist of one nunber
fromeach of the three dinensions. For exanple, a possible SWAT
rating is 1-2-2. This represents a 1 for Tinme Load, a 2 for
Mental Effort Load, and a 2 for Psychol ogi cal Stress Load.

4. When doing the sorting task, we are not asking for your
preference concerning Tinme, Mental Effort, and Psychol ogi cal
Stress Load. Sone people may prefer to be "busy" rather than
"idle" in either the Tinme Load, Ment al Effort Load, or

Psychol ogi cal Stress Load di nension. W are not concerned with
this preference. W need information on how the three dinensions

and the three levels of each one wll affect the Ilevel of
wor kl oad as you see it. You nmay prefer a 2-2-2 situation instead
of a 1-1-1 situation. However, you should still realize that the

1-1-1 situation inposes | ess workload on you and | eaves a greater
reserve capacity.

The sorting will probably take 30 mnutes to an hour. Pl ease
feel free to ask questions at any tine.
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Cili
| NTRODUCTI ON

During the operational evaluation of the initial Ar Traffic
Control (ATC) Data Link services, various types of data were
recorded by the conputer systens used in the tests. The data were
coll ected and reduced using data reduction tools avail able on the
Host Conputer System and ot her data reduction nethods devel oped
by MTRE personnel. The reduced data were then input to a
graphi cs package to produce a set of graphical results depicting
Data Link netrics.

The Data Link data analysis results provided herein consist of a
nunber of netrics presented on graphs that provide information
about specific aspects of the controller Data Link and voice
communi cati on nessage activity which took place during the test
runs. The data analysis results are divided into three sections.
The first section, "Data Link Activity Results,” reports on the
Data Link activity which took place during the testing. The
second part, "Voice Communications Results,"” describes the effect
Data Link had on voice communications, while the third section

"Data Link and Voice Message Results,"” conpares the nessage
activity of voice and Data Link.

The sources of the data used to produce the netrics were the Host
Computer System which logged all Data Link activity, and the
AMECOM FAA Techni cal Center Conmuni cation Switching System which
recorded all controller voice comunications. Data pertaining to
pilot voice comunications were not available; therefore, all
data reported for voice comunications applies only to controller
oper ati ons.

Two different scenarios were used in the eval uations, each having
a 0, 20, and 70 percent Data Link-equi page |evel. The sequence of
the runs, the scenario used, and the Data Link-equipage are
provided in figure CIl. (Please note: Only test runs that were
used for data reduction are included in this chart. OQher test
runs conducted in the operational evaluation were intended for



special study of specific Data Link aspects and were not
appropriate for this analysis).

The order of the runs and the Data Link-equipage are presented
because of the influence they had on the data coll ected. An
ordering effect (i.e., which order the Data Link-equipage
scenario was presented) becane significant as a result of a
| earni ng curve experienced by the controllers. During the first
run of a scenario the controllers were wunfamliar wth the
traffic pattern, but, by the third run with the same scenari o,
the controllers knew what to expect, and, therefore, did not
need to communicate with the aircraft as frequently. This effect
is apparent in sonme of the data and should be noted and factored
into the interpretation of the results. Additionally, due to the
varied lengths of the test runs, all data collected are based on
t he sane hal f-hour interval (System

C1
Day Run Scenario Data Link
Number> Number Equipage

%)
0

70
20
20
70
0
20
70
0
0
70
20
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*NOTE: Runs 4 and 8 are not included since they were used for special Data Link testing.

FIGURE CG-1. SEQUENCE OF DATA LI NK TEST RUNS
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Time - 12:55 to 13:25). This tinme interval was chosen because the
shortest test run ended at approximately 13:25. Therefore, the
data collected represents the sane tine intervals in the test
runs.

DATA LINK ACTIVITY RESULTS

This group of results neasures the Data Link activity. These
results contain four figures which represent the average Data
Link activity and traffic volume which took place during the test
runs listed in figure G 1. The average consists of the nessage
activity and traffic volume during the eight Data Link runs at 20
and 70 percent Data Link-equi page divided by 8. For exanple, al
uplinks for the eight Data Link runs are added together and
divided by 8 to give the 102 uplinks in the bar chart in figure
C 2.

Figure C2 presents the Uplinks, WIIl Conplies (WLCGs), No
Techni cal Acknow edgnents (NAKs), and No Pil ot Responses or Pil ot
Unabl es which are both denoted by FAIL (i.e., a FAlLed response
fromthe pilot). The bar chart on the left contains the average
nunber of nmessages in each of the above categories, while the pie
chart on the right shows the WLCGs, NAKs, and FAILs as a
percent age of uplinked nessages.

On the average, 102 Data Link nmessages were uplinked during the
hal f-hour interval of each test. Also, from the pie chart, 91
percent of all Data Link nessages were WLCOed by pilots, and
only 4 percent of the nessages were either "UNABLED' by the



pilot, or not responded to within the 40-second pilot response
ti meout period* (e.g., FAIL nessages).** This figure appears
inpressive with respect to the nunber of tines a controller nust
rei ssue instructions by voice because of garbled comrunications
over the radio channels. The results indicate that Data Link
messages are sent to pilots with a low repeat rate and that Data
Link nmessage response tinme occurs wthin an acceptable tine
peri od.

Wth respect to NAKed nessages, the VAX conputer, acting as the
Data Link processor, generated the NAK' s randomy during the
tests. This was done to sinulate equipnent failures which m ght
take place during actual field inplenentation. The VAX was
programmed to generate NAK's at a 5 percent rate (this rate is
wel | above the rate expected in actual inplenentation, but was
set to 5 percent during the tests so an analysis could be
performed on controller reaction to this situation); the 5
percent NAK rate was verifiedin the analysis.

*The 40-second pilot response tineout period includes uplink
time, pilot recognition and response tinme, and downlink tine.

**During the operational evaluation, sinmulation pilots were used
for the magjority of aircraft flying in the scenarios. (Only two
aircraft simulators rate needs to be studied with a greater
percentage of pilots flying real aircraft.)
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FIGURE C-2. AVERAGE DATA LI NK ACTIVITY
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Figure C3 presents the average Data Link activity which took
place for each Data Link service or function (these nunbers
represent the nunber of uplinked nessages for each service or
function regardless of the downlink response). The Data Link
services and functions tested in the operational evaluation were:
Al titude Assignment (AA), Interim Altitude via Menu Text (M),
Transfer of Communication (TC), and Free Text (FT). The nenu
text figures represent interim altitudes via the nenu text
function. Since nenu text was used for the sole purpose of
uplinking interim altitudes in the operational evaluation, no
other nmenu text figures are given.

The bar chart provides the average nunmber of uplinks per service
or function over the half-hour interval. In addition, the
percentage use of each of the capabilities is given in the pie
chart. For exanple, on the average, the Transfer of Commrunication
service represented 29 percent of all uplink nessages. Al so, from
this chart the conbination of Altitude Assignment and Interim
Al titude via Menu Text represented 57 percent of all uplinks.

The third chart in this group of results (figure C4) displays
the Data Link activity by Uplinks, WLCGOs, NAKs, and FAILs during



3-mnute intervals during the tests. This provides a |look at the
Data Link activity during specific tinmes during the test runs.

The traffic volume in the operational evaluation scenarios varied
from sector to sector, but gradually increased for all sectors
between the tinme interval 12:S5 to 13:25 fromwhich the data were
taken (see figure CG5). The Uplinks and their responses presented
in figure G4 increase at approximately the sane rate as the
traffic volunme presented in figure CG5. Therefore, the data show
that Data Link can be used with the sane effectiveness during | ow
and high traffic | oads.

VO CE COVMUNI CATI ONS RESULTS

The voice comunication results are based on digital recordings
of the controller voice activity. The conputer systens used in
the evaluation did not have the capability to record pilot voice
communi cations, therefore, these results are based solely on
controller voice communications. Even though the pilot voice
activity is not included in the results, the controller voice
comuni cations can provide a good indication of the reduction in
activity on the radio channels as a result of the initial Data
Li nk servi ces.

The voice conmuni cation data provides an analysis on the nunber
and duration of controller voice nessages. Figures C6 and C7
report on the reduction in the nunber of nessages, while figures
C-8 and C9 provide data on the reduction in duration of voice
messages during the hal f-hour interval.

G5
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FIGURE CG-9. REDUCTI ON | N DURATI ON OF VO CE MESSAGES
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Figure C-6 presents the average nunber of voice nessages during
the 0, 20, and 70 percent Data Link-equipage scenarios. The
average represents the sum of the nunber of controller voice
messages during each run at each Data Link-equi page | evel divided
by 4 (i.e., there were four 0 percents, four 20 percents, and
four 70 percents runs in the data collection, see figure C1l).
For exanple, during all of the O percent Data Link-equipage
scenarios tested, the controller issued an average of 422 voice
messages during the hal f-hour interval.

Figure C 7 conpares the nunber of voice nessages during the
di fferent equi page runs. The nunbers given show the reduction in
control |l er voice nessages using two | evels of Data Link-equipage.
From the data 41 percent of voice nessages (i.e., the nunber of
messages) were elimnated when 70 percent of the aircraft were
Dat a Li nk-equi pped. (The 41 percent figure is based on the
nunber of voice nessages during the 70 percent Data Link-equi page
scenario as a percentage reduction in the nunber of voice
messages in the O percent Data Link-equi page scenario.)

Figure C-8 provides the average duration of' the voice nessages
during each of the 0, 20, and 70 percent Data Link-equi page
scenari os. These nunbers represent the tinme, in seconds, the
controllers were on the radio frequencies during the half-hour
interval. The average was conputed the sanme as in figure G5,
except the duration of the nessages was averaged instead of the
nunber of nessages. For exanple, on the average, during the 20
percent Data Link-equi page scenarios tested, the controllers were
on the radio frequencies for a total of 1046 seconds.

Figure C9 conpares the voice nessages during the different
equi page runs. The graph shows the reduction in the total
duration of voice nessages as a result of the two Data Link-
equi pages. From the data, 45 percent of the voice comrunications
(e.g., the duration of the conmunications) were elimnated when
70 percent of the aircraft were Data Link-equipped. (The 45
percent figure is based on the duration of voice nessages during
the 70 percent Data Link-equipage scenario as a percentage
reduction in the duration of voice nessages in the 0 percent Data
Li nk- equi page scenario.)

The data given for the 20 percent Data Link-equipage seens
i nconsistent with the effect Data Link should have on the voice
communi cations. Fromthe data in figure C9 it appears that a 20



percent Data Link-equi page reduces voice conmunications by 28
percent. These are the nunbers reported by the data, but the 20
percent runs were heavily influenced by the ordering effect. The
ordering effect is the reduction in conmunications needed wth
the aircraft as the controller beconmes famliar wth the
scenario. Since the controller knows where and when the aircraft
are present in the scenario, by the third run he no | onger needs
to issue ATC instructions as often.

Cll



From figure CI| the 20 percent runs were presented to the
controllers either first or third, while the 70 percent runs were
al ways run second. Since the 70 percent runs were always run
second, the nunber of tines the O percent runs were either first
or third were equal, thus, elimnating the ordering effect on the
70 percent runs when taking the average. But the 20 percent runs
did not experience this. Therefore, it is recomended that in
future testing, the ordering effect be reduced by inproving
controller famliarization with the scenario or by making nore
test runs to bal ance out the effect.

In addition, to fully understand the inpact of Data Link on voice
communi cations, future tests need to be perfornmed with other Data
Li nk equi pages. But, from the data collected thus far, it is
apparent that Data Link wll have a significant inpact on
reduci ng the nunber and duration of voice conmunications on the
radi o channel s.

DATA LI NK AND VO CE MESSAGE RESULTS

Figure C 10 presents the average nunber of voice and Data Link
messages during each of the 0, 20, and 70 percent Data Link-
equi page runs. The data are presented together to show how an
increase in Data Link-equipped aircraft produces a decrease in
t he nunber of voice nessages.

In addition, as figure C 10 indicates, when Data Link is used,
the total nunmber of nessages (voice plus Data Link) is reduced.
For exanple, when Data Link was not used, there were 422 tota
nessages. But, when 70 percent the aircraft were Data Link-
equi pped, there were only 375 total nessages. An expl anation of
these results could be the reduction in repeat communi cations via
voi ce when Data Link is used. Data Link nessages need not be
repeated due to msunderstandings as is the case with voice,
where the nmessage may becone distorted on the radi o frequency.

The data indicate that not only does Data Link reduce voice
congestion on the radio channels, but also reduces the need for
repeat voice comunications. Additionally, Data Link affords a
safer ATC system by providing clearly understood ATC nessages.
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| NTRODUCTI ON

This report analyzes the commentary offered in a structured
debriefing discussion with the Air Traffic Control Specialists
(ATCS s) who participated in the operational evaluation of Data
Link services. In the context of the study protocol, this
di scussion followed an unstructured joint debriefing session that
all owed sonme of the participating flight crews to interact with
the ATCS s by tel econference.

The issues addressed in the structured debriefing were presented
in a discussion guide form and handed out prior to the session

This analysis covers oral comrents obtained during the session
and witten comments submtted on the discussion guide forns.
Beginning with a background section describing the participants,
the report then turns to the three issue areas addressed in the
di scussion guide: operational procedures, displays and inputs,
and control s.

PARTI Cl PANTS

The eight ATCS's who operated control positions in the
operational evaluation reported background information on their
air traffic control (ATC) experience and expertise. In all, six
en route facilities were represented: Menphis Center, WAshi ngton
Center, Fort Wrth Center, Anchorage Center, Mam Center, and
Cl eveland Center. Al but two of the ATCS's were current ful
performance |evel (FPL) controllers. FPL experience ranged
between 2.5 and 33 years with a nean of 11.21 years. Three of
the seven also reported pilot experience (nean of 6.7 years).
QO her related expertise reported by the ATCS s included an
ai rspace and procedures specialist, an Air Force ATCS, and an FAA
acadeny instructor.

Apart from the ATCS s who operated the control positions in the
operational evaluation, the en route nenbers of the FAA Air
Traffic Data Link Validation Team (ATDLVT) also attended the
di scussi on session. The ATDLVT nenbers participated primarily as
facilitators throughout the discussion session to clarify issues
and correct m sunderstandi ngs.

OPERATI ONAL PROCEDURES
Qperational procedures was the first area taken up in the

debriefing. This area includes both controller-pilot procedures
and control |l er-conputer procedures. Four thenes energed fromthe



analysis of the coments on procedures: control of nessage
transm ssion and content, exception handling and display
feedback, allocation of Data Link tasks within the radar team
and refinenents and enhancenents to Data Link capabilities.

D1

CONTROL OF MESSAGE TRANSM SSI ON AND CONTENT.

According to the ATCS s, operational procedures for the initial
Data Link, services should contain specific guidelines for
control of Data Link nessage transm ssions. Under nor mal
circunstances, the <controller should wait for operational
acknow edgnent of one Data Linked instruction before transmtting
a second instruction to the sane aircraft. This form of control
was deened especially inportant for the transfer of conmunication
(TOC) nessage because of the associated transfer of Data Link
communi cation eligibility. There was good agreenent anong the
ATCS's that while the TOC was underway no other transm ssions
should be initiated to the aircraft. For the nost part, this
procedure applies to all other ATC instructions; however, the
ATCS s recognized that there may be special situations (e.g.,
onboard energency) where it becones necessary to transmt
additional instructions wthout waiting for an operational
acknow edgnent .

On the topic of transm ssion control, there was some discussion
of inplenenting an automated control over nessage transm ssion at
|l east for the TOC nessage. As discussed by the ATCS' s, this
automation would effectively lock-out all other transmssions to
an aircraft while a TOC was pending (i.e., sent but not yet
acknow edged). However, at this stage in the devel opnment of Data
Link it would seem prudent to |eave such a decision to the
controller. An automated procedure could have far reaching
inplications for the service designs. A nunber of related
i ssues, such as inpact on the Data Link eligibility override
capability, should be investigated before an automated control
over nessage transmssion is recomended. For now, a nore
appropriate conprom se would be an automated notification to the
controller attenpting transmssion that the aircraft has a
pendi ng transaction; and if the pending transaction were a TOC,
the automation could also require explicit confirmation (using a
distinctive confirm key) by the controller before transmtting
t he new i nstruction.

There was also sonme discussion of operational procedures to
control message content. The ATCS's agreed that explicit
gui delines should be adopted to restrict the use of free text
nmessages. By definition, free text nessages should be reserved



for comuni cati on needs beyond the capabilities provided by the
avai |l abl e ATC services. Use of free text is |abor intensive and
can be error prone. As a rule, the ATCS s recommended that this
met hod  of message conposition not be wused for control
i nstructions.

EXCEPTI ON HANDLI NG AND DI SPLAY FEEDBACK

A second thene that enmerged in the discussion of operational
procedures concerned handling of exceptions to normal Data Link
transactions and the presentation of feedback to controllers on
status of exceptions. An exception is defined as any transaction
that is not conpleted with a WLCO acknow edgnment by the flight
crew. During the operational evaluation, controller procedures
and di splay feedback were prem sed on an assunption that flight
crews would contact the controller on the voice channel if they
were unable to conply with an uplinked control instruction. As
it turned out, the participating flight crews often downlinked
t heir UNABLE responses w t hout an acconpanyi ng voi ce call.

The di scussi ons on exception handl i ng identified t wo
recommendati ons to support exception handling. First, controller
and pil ot procedures need to be coordinated. So far, use of voice
to work out an alternative if the pilot is unable to conply with
an instruction appears to be nost acceptable as a standard
procedure. Second, <controller display feedback needs to
differentiate anong di fferent exception conditions: pilot UNABLE
response, no pilot response within nessage tineout paraneter, and
message delivery failure. An UNABLE response option for flight
crews will be required for Data Link comunication, if only to
update the automated systens in the air and on the ground that
the last instruction is not the current agreenent. The
downl i nked UNABLE could, in fact, be processed sonewhat |ike the
WLCO response by the ground automation; clearing the
controller's Data Link status displays, but also restoring the
data block and/or data base to reflect the previous values.
Further discussion and analysis of the UNABLE response is needed
bef ore suitabl e aut omat ed processi ng can be specifi ed.

ALLOCATI ON OF DATA LI NK TASKS W TH N THE RADAR TEAM

A third theme from the discussion of Data Link procedures was
radar associate controller tasking. Recently, the concept of a
radar team for operational position staffing was formally
introduced with the developnment of the Operational Position
Standards (FAA 7220.2). This concept provides flexibility in the
assignnment of tasks to the team of <controllers who staff an
operational position (radar sector). During the operational
evaluation and in the previous mni studies, a division of Data
Li nk tasking between the radar position and the radar associate
position was nentioned repeatedly. In particular, the ATCS s felt
that responsibility for TOC s would bl end snoothly with the radar



associate's current tasking. In addition, conputer entries
required for conposition of lengthy Data Link nessages (route
anendnents) could also be perforned by the radar associate.
Since all of the test results converge on this recommendation,
procedures and software accommodating the above division of
t aski ng should be presented to the ATDLVT for inclusionin future
t ests.

REFI NEMENTS AND ENHANCEMENTS TO DATA LI NK CAPABI LI TI ES.

Under the fourth theme, Data Link refinenents and enhancenents, a
nunber of comments on functions and procedures are grouped for
di scussion. Several comments concerned the TOC servi ce:

D-3

1. Redesign of the TOC nessage SENT status display for the
receiving controller was recomended. Instead of the existing
Data Link status list entry on the receiving controller display,
it was recommended that only the data block display of TOC
message SENT synbol ogy should be presented to the receiving
controller

2. | mpl enentation of an automatic TOC option was also
recommended. This option has been recomended in both of the
preceding mni studies; it has al so been discussed at sone |ength
with the ATDLVT. There is good support for the idea and its
desi gn should be taken up with the ATDLVT for their concurrence
and action.

3. A controller option to specify (in real time) the default
frequency for the TOC nessage was reconmended as was a frequency
assi gnnment servi ce. The frequency assignnent service would
support outages and multiple frequency sectors by enabling the
controller to transmt a nessage--"change to ny frequency --."

4. After considerable discussion, a majority opinion was reached
on the issue of voice check-in: a voice check-in on frequency is
deened acceptable as a transitional procedure when Data Link is
first introduced. Notw t hstanding the majority opinion, there
remains a strong mnority opinion anmong the ATCS s that this
transm ssion should be phased out as soon as flight crew
confidence or frequency confirmation via advanced avionics
permts.

A nunber of comments concerned refinenent of the existing interim
altitude nenu and additional capabilities for nenu nessage
selection and transm ssion. The existing design for the interim
altitude nenu has two special use nenu itens: "R' and "Z." The
special wuse nmenu item "R' is called requested altitude.
Selection of nenu item "R' automatically generates an altitude



assignment nessage that contains final assigned or requested
altitude currently stored in the NAS data base for the aircraft.
It was recomended that this item appear in a hard altitude
assignnment (Q2) nenu instead of the interim altitude assignnent

(QQ nenu.

The "Z" item called controller-defined altitude, was intended to
allow a controller with Data Link eligibility to transmt an
interim altitude assignnent to an aircraft after track control
had been handed off to the next sector. It was to be used in
situations where the controller in the next overlying/underlying
sector uses the data block to coordinate wth the current
controller by entering the available interim altitude for the
aircraft. I nstead of the existing procedure where the current
controller selects "Z'" and conposes the altitude assignnment
message based on the interim altitude displayed in the data
bl ock, it was recommended that the “Z” item be redesigned to
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automatically conpose the nessage. Both "R' and "Z" would then
function identically except that the "R' item would generate a
hard altitude assignment and the "Z" item would generate an
interim altitude assignnent. This nodification would reduce
controller inputs and the risk of input errors. It would also
ensure that the altitude information displayed to the controller
mat ches the information transmtted to the pilot.

Taken together, the above recomrendati ons open up the possibility
of further reducing controller inputs. Transm ssion of the
current values for assigned and interimaltitude could be inplied
actions. Selection of the QZ or QQ quick action key followed by
an "S" to indicate an uplink request and the flight
identification would conpletely specify the nessage content,
obviating the need to enter a nenu item |l abel.

The final comment on nmenu nessages concerned the addition of
conpound altitude and headi ng nessages to the capability. Such
messages are commonly required to establish departing aircraft on
their routes. They are repetitious in nature and could offl oad
many routine transm ssions fromthe voi ce channel.

DI SPLAYS

As in the previous studies, the ATCS s who participated in the
operational evaluation reiterated the principle that to the
extent possible Data Linked control instructions and their status
shoul d be presented in the full data bl ock. In addition to the
comments on exception status displays that were reviewed in the
preceding section, the ATCS's also comented that the WLCO
status display was renoved too quickly. A display persistence



paraneter of 6 seconds was used in the operational evaluation,
based on what were, essentially, inconclusive test results from
the second mni study. Gven the coments fromthis second group
of ATCS's, it would appear that a longer (12 seconds) display
persistence may be a nore suitable default paraneter

Anot her inportant display issue that came up in the operationa
evaluation was the principle of display by exception. Agai n,
this issue has been discussed in the earlier studies, but a
consensus position was not achieved. The intent of the display
by exception principle is to help nanage the Data Link status

list; it does not necessarily affect the data block displays.
According to the ATCS's, only "FAILED' altitude transactions
shoul d have both a data block and a |ist presentation. A data

bl ock presentation of feedback is sufficient for normal (W LCOed)
altitude transactions. By confining the list entries for altitude
transactions to failed transactions, the |list could be kept
shorter and, thereby, sinplify controller nonitoring. O her
suggestions for |ist managenent, such as creation of sublists for
different services, have been proposed

D5
in previous discussions. This |list managenent issue should be
referred to the ATDLVT.

On the topic of transm ssion control and error response feedback,
the ATCS' s recommended a specific display notification. Two
other transmssion error notifications were identified in the
previ ous studi es: "not Data Link equipped’ and "not your Data
Link control.™ Both of these notifications effectively prevent
transm ssion of the intended nessage and require the controller
to reconstruct an appropriate nessage. In the fornmer case, the
reconstructed nessage is addressed only to the NAS conputer; in
the latter case, the controller may use an eligibility override
capability to enable subsequent transm ssions. A third type of

notification was proposed in this study: "Data Link control
transfer in progress.” This should be presented to the
controller who attenpts to transmt a nessage to an aircraft
while a TOC is pending. In addition, an explicit controller

confirmation may be desirable to inplenent a transm ssion while
the TOC i s pendi ng.

| NPUTS AND CONTRCLS

On the topic of Data Link controls, the ATCS s gave two
reconmendat i ons. First, the display of the nenu nessage |i st
should be under a separate control from display of the nessage
status list. Second, a capability to transmt the TOC nessage by
trackball selection should be provided. Both recomendati ons



have been cited in previous studies and design proposals should
be presented to the ATDLVT.

Finally, the ATCS' s recommended that the initial Data Link
capability should be broadened to include a full range of control
i nstructions. Aside from altitude and frequency assignnents,
heading and route and speed and delay instructions were
recomended as initial Data Link services.
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R R I b Sk S b S b b S b S b b I b b S b b Rk b Sk S b S S b b b S b b S b SR AR bk S b I b b S b S b S
4 OPERATI ONAL PROCEDURES

* COWENTS/ RESERVATI ONS CONCERNING USE OF THE DATA LINK ATC
SERVI CES I N A FULL DATA LI NK EQUI PAGE ENVI RONVENT:

ALL SERVI CES

TRANSFER OF COMVUNI CATI ON

ALTI TUDE ASSI GNVENT (QZ)

| NTERI M ALTI TUDE ASSI GNMVENT ( QQ)

| NTERI M ALTI TUDE ASSI GNMVENT ( MENU)
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R R b b S b b b S b b S bk bk S b R bk S b I b S b R b b b S Rk b b S b S b b R I Sk

5 OPERATI ONAL PROCEDURES ( CONTI NUED)

* COMMVENTS/ RESERVATI ONS CONCERNI NG USE OF DATA LI NK ATC SERVI CES
IN M XED EQUI PAGE ENVI RONMENT

ALL SERVI CES

TRANSFER OF COMVUNI CATI ON

ALTI TUDE ASSI GNVENT (QZ)

| NTERI M ALTI TUDE ASSI GNVENT ( QQ)

| NTERI M ALTI TUDE ASSI GNMVENT ( MENU)

R R I bk S bk Sk S b b S b b S b b S S R Rk I b S b S b S b S b b S R R R R I b b S S b S b b S b 4

6 OPERATI ONAL PROCEDURES ( CONTI NUED)

* COMVENTS/ RESERVATI ONS CONCERNI NG PI LOT MESSAGE ACKNOW.EDGEMENT
AND CONTRCOLLER NOTI FI CATI ON OF MESSAGE STATUS

ALL SERVI CES

TRANSFER OF COMVUNI CATI ON

ALTI TUDE ASSI GNVENT (QZ)

| NTERI M ALTI TUDE ASSI GNVENT ( QQ)

| NTERI M ALTI TUDE ASSI GNMVENT ( MENU)

R R I bk S b Sk S b b S b b S b S S R S b S b S bk S A Sk b Ak S b bk S b b Sk S bk S S

7 OPERATI ONAL PROCEDURES ( CONTI NUED)
* COMVENTS/ RESERVATI ONS CONCERNI NG HANDLI NG OF FAI LED MESSAGES

ALL SERVI CES

TRANSFER OF COMVUNI CATI ON

ALTI TUDE ASSI GNVENT (QZ)

| NTERI M ALTI TUDE ASSI GNVENT ( QQ)

| NTERI M ALTI TUDE ASSI GNMVENT ( MENU)
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R R b b S b b b I b b S b bk S b R I bk S b b S S b R I S b b S S R Sk S b ik S b b S R I Sk

8 OPERATI ONAL PROCEDURES ( CONTI NUED)

* COMMVENTS/ RESERVATI ONS  CONCERNI NG WORDI NG PHRASEOLOGY USED I N
DATA LI NK MESSAGES

ALL SERVI CES

TRANSFER OF COMVUNI CATI ON

ALTI TUDE ASSI GNVENT (QZ)

| NTERI M ALTI TUDE ASSI GNVENT ( QQ)

| NTERI M ALTI TUDE ASSI GNMVENT ( MENU)

R R b b S b b S b S b b S b bk S b S kb b b I b S S b S b e b S b i b S SRR Ik S bk b b b b S b b b S
*

g OPERATI ONAL PROCEDURES ( CONTI NUED)

* COMVENTS/ RESERVATI ONS CONCERNI NG TI M NG PACI NG OF COMMUNI CATI ONS
IN A FULL DATA LI NK EQUI PAGE ENVI RONMENT

ALL SERVI CES

TRANSFER OF COMVUNI CATI ON

ALTI TUDE ASSI GNVENT (QZ)

| NTERI M ALTI TUDE ASSI GNVENT ( QQ)

| NTERI M ALTI TUDE ASSI GNMVENT ( MENU)

R R b b S b Sk S b I b b S bk bk S b I I I bk b b S b S b S b I b S b R R Ik S b i b b b S S b I b b S

10 OPERATI ONAL PROCEDURES ( CONTI NUED)

* COMVENTS/ RESERVATI ONS CONCERNI NG TI M NG PACI NG OF COMMUNI CATI ONS
IN A M XED EQU PAGE ENVI RONMENT

ALL SERVI CES

TRANSFER OF COMVUNI CATI ON

ALTI TUDE ASSI GNVENT (QZ)




| NTERI M ALTI TUDE ASSI GNVENT ( QQ)

| NTERI M ALTI TUDE ASSI GNMVENT ( MENU)
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EE R I b Sk S b S b S b b S b S bk S b S S Rk b b S b S b S b b S b b S I SRR Ik I b A S b b b S

11 OPERATI ONAL PROCEDURES ( CONTI NUED)

* COMMENTS/ RESERVATI ONS CONCERNI NG COVPATI BI LI TY OF DATA LI NK AND
VO CE PROCEDURES

ALL SERVI CES

TRANSFER OF COMVUNI CATI ON

ALTI TUDE ASSI GNVENT (QZ)

| NTERI M ALTI TUDE ASSI GNVENT ( QQ)

| NTERI M ALTI TUDE ASSI GNMVENT ( MENU)

R R b b S b b b b S b b S b bk S b S bk S b I b S S b S b e b S b b S S SRR I Ik I b b b b b S b b S S

12 OPERATI ONAL PROCEDURES ( CONCLUDED)

* COMMENTS/ RESERVATI ONS CONCERNI NG ( TESTBED) DESI GN FEATURES AND
PRACTI CAL USE OF DATA LI NK ATC SERVI CES

ALL SERVI CES

TRANSFER OF COMVUNI CATI ON

ALTI TUDE ASSI GNVENT (QZ)

| NTERI M ALTI TUDE ASSI GNVENT ( QQ)

| NTERI M ALTI TUDE ASSI GNMVENT ( MENU)

R R b b S b b b b S b b S b bk S b S I I bk b b I b S S b S b e b S b b Rk b Sk i b S b b b S b b b S b Y

13 DI SPLAYS

* COWMENTS/ RESERVATI ONS CONCERNI NG DI SPLAY OF DATA LINK EQUI PACE
AND ELI G BILITY

R R b b S b Sk S b I b S bk bk S b S bk S b I b S S b S b e b S b b S SRR I Ik I b ik b b S b S S b b b i



14 DI SPLAYS ( CONTI NUED)

* COWWENTS/ RESERVATI ONS CONCERNI NG DI SPLAY OF DATA LINK MESSACE
AND TRANSACTI ON STATUS | NFORVATI ON

ALL SERVI CES

TRANSFER OF COMVUNI CATI ON

D10

ALTI TUDE ASSI GNVENT (QZ)

| NTERI M ALTI TUDE ASSI GNVENT ( QQ)

| NTERI M ALTI TUDE ASSI GNMVENT ( MENU)

R R b b S b b b I b b S bk bk S b S bk S b I b S S b S b e b S b i b SRR Ik S bk b b b b S b b b S

15 DI SPLAYS ( CONCLUDED)

* COMMENTS/ RESERVATI ONS CONCERNI NG DI SPLAY COF PRE-BU LT MENU
MESSAGES

R R b b S b b S b I b b S bk bk S b R Ik i bk b b I b S S b S b e b S b b S I SRR I Ik I b b b S b b S b I b b i Y

16 | NPUTS/ CONTROLS

* COMVENTS/ RESERVATI ONS CONCERNI NG MESSAGE ELI G BI LI TY AND MESSAGE
COVPOSI TI ON RULES

ALL SERVI CES

TRANSFER OF COMVUNI CATI ON

ALTI TUDE ASSI GNVENT (QZ)

| NTERI M ALTI TUDE ASSI GNVENT ( QQ)

| NTERI M ALTI TUDE ASSI GNMVENT ( MENU)

R R b b S b Sk b b I b b S b bk S I S bk S b I b S S b S b e b S b R R bk S b S b S b b S b b b S

17 | NPUTS/ CONTROLS ( CONTI NUED)



* COMMENTS/ RESERVATI ONS CONCERNI NG CAPABI LI TIES AND COWANDS TO
I NI TI ATE UPLI NK OF MESSAGE

ALL SERVI CES

TRANSFER OF COMVUNI CATI ON

ALTI TUDE ASSI GNVENT (QZ)

| NTERI M ALTI TUDE ASSI GNVENT ( QQ)

| NTERI M ALTI TUDE ASSI GNMVENT ( MENU)

D-11



R R b b S b b b S b b S bk bk S b R bk S b I b S b R b b b S Rk b b S b S b b R I Sk

18 | NPUTS/ CONTROLS ( CONCL UDED)

* COMVENTS/ RESERVATI ONS  CONCERNI NG AUTOVATI C DELETION OF WLCO
STATUS AND UPDATE OF NAS ( DATA BLOCKS AND/ OR DATA BASE)

ALL SERVI CES

TRANSFER OF COMVUNI CATI ON

ALTI TUDE ASSI GNVENT (QZ)

| NTERI M ALTI TUDE ASSI GNVENT ( QQ)

| NTERI M ALTI TUDE ASSI GNMVENT ( MENU)

ALL SERVI CES
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APPENDI X E

VWRAP- UP QUESTI ONNAI RE RESULTS
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DESCRI PTI ON

This report docunents the statistical treatnent and results of
the Wap-Up Questionnaire which was given to the seven test
controllers during the debriefing after the final test runs. A
copy of the questionnaire is attached herein.

The questionnaire is conprised mainly of 7-level rating scales
and free narrative coment questions. The nunerical values and
verbal | abels attached to the 7-level rating scale questions are:

Very Good

Good

Slightly Good

Fair (center scale)
Slightly Poor

Poor

Very Poor

PNWhAOOIO N
I I e T T 1|

These values are used for the conputation of the rating scale
statistical results. Narrative comments for all questions are
conpiled and attached her ei n. Al so, a frequency count of
controllers making simlar statenents is attached.

RATI NG SCALE ANALYSI S

Table E-1 shows the resulting descriptive and inferential
statistics for the 17 itens rated using the 7-level rating scale.
Means and vari ation about the means were conputed for each of the
itens. Student's t scores were conputed to test if the neans
were significantly higher or |Iower than center scale (4).

In table E-1 the itens are presented in magnitude order of t
score. A 5-percent confidence interval about each item nean was
al so conput ed. Notes at the bottom of the table give a brief
expl anation of the neaning of the table headings.

Conparing the t score to the center scale value of 4 indicates
whet her that nean rating is significantly above or below it.
These ranks are given in the results bel ow

RATI NG SCALE DATA RESULTS

The followng results, using a 95 percent probability criterion
(p=.05) for significance, were obtained for the rating scale
guestions .

O the 17 itens rated, 12 were rated GOOD (significantly higher
than FAIR), 5 were rated FAIR (did not differ significantly from
FAIR) and none were rated POOR (significantly |ower than FAIR).









OP EVAL WRAP- UP QUESTI ONNAI RE RATI NG SCALE ANALYSI S ARRANCGED
I N ORDER OF STATI STI CAL SI GNI FI CANCE

RATI NGS FROM THE SUBJECTS STATI STI CAL RESULTS

1 2 3 4 5 6 7 N MEAN t.05 VAR SDn-1 SE RANGE cs  thv Shv # QUESTIONNAIRE ITEM

7 6 7 6 7 7 7 7 6.67 2.45 0.20 0.49 0.18 6.28 7.17 4 14.72 0.05 6¢C QQ R FLID operability

6 6 6 6 7 7 5 7 6.14 2.45 0.41 0.69 0.26 6.15 6.78 4 8.22 0.05 6a DL/OK FLID operability

7 5 6 6 7 7 6 7 6.29 2.45 0.49 0.76 0.29 559 6.98 4 8.00 0.05 6b DL/OK S FLID operability

6 5 6 5 7 7 6 7 6.00 2.45 0.57 0.82 0.31 524 676 4 6.48 0.05 17b R-D controller coordination

6 5 5 7 6 6 6 5.83 2.57 0.47 0.75 0.31 5.04 6.62 4 5.97 0.05 17e Sector interphone coordination
6 5 6 6 7 4 6 7 5.71 2.45 0.78 0.95 0.36 483 659 4 4.77 0.05 17f Pilot-Controller communication
5 4 6 6 7 6 7 7 5.86 2.45 0.98 1.07 0.40 487 685 4 4.60 0.05 17i Overall efficiency (speed)

5 4 5 6 7 6 6 7 5.57 2.45 0.82 0.98 0.37 4.67 6.47 4 4.26 0.05 17j Overall safety

6 4 6 7 5 7 6 5.83 2.57 1.14 1.17 0.48 4.61 7.06 4 3.84 0.05 17a System capacity

7 4 6 6 6 4 4 7 5.29 2.45 1.35 1.25 0.47 4.13 6.45 4 2.71 0.05 8 Pilot response delays

5 3 6 6 7 7 6 5.67 2.57 1.89 151 0.61 4.09 7.25 4 2.71 0.05 17k Overall workload

5 4 6 7 7 4 6 5.50 2.57 1.58 1.38 0.56 4.05 6.95 4 2.67 0.05 6d QQ Z ddd FLID operability

4 4 6 5 6 6 5.00 2.78 0.89 1.00 0.45 3.76 6.24 4 2.24 NA 17q Aircraft conflicts

4 4 6 4 5 5 4.60 2.78 0.64 0.89 0.40 349 571 4 1.50 NA 17h Flight strip handling

4 3 6 5 7 3 6 7 4.86 2.45 2.12 1.57 0.59 3.40 6.31 4 1.44 NA 17b Keeping the picture

7 6 1 7 2 6 6 4.83 2.57 5.81 2.64 1.08 206 760 4 0.77 NA  17c Weather handling

6 2 3 3 6 5 5 7 4.29 2.45 2.20 1.60 0.61 280 5.77 4 0.47 NA 1 Simulation realism









TABLE E-1. OP EVAL WRAP- UP QUESTI ONNAI RE RATI NG SCALE ANALYSI S
ARRANCE | N ORDER OF STATI STI CAL SI GNI FI CANCE

(Cont’ d)

NOTES:

N = Nunber of controllers responding to the questionnaire item
MEAN = The average itemrating across all the responding

controllers. GCeneral neanings of scale values are: 1=VERY
POOR, 4 = FAIR, 7 = VERY GOOD.

T.05 = Five percent significant t score levels with degrees of
freedom = n-1.

VAR = Variance of the controllers ratings about the item s MEAN
rating.

Sdn- 1 = Corrected standard devi ation computed fromthe variance.

SE = Standard Error of the MEAN, expected variability about the
MEAN i f the study was repeated several tines under the sane
condi ti ons.

RANGE . 05 = Five percent confidence interval centered about the MEAN
within which, if the study was repeated several tines, the
new nmeans should fall 95 percent of the tinme.

RANGE . 05

Left colum = Low limt of the range. Any |lower value is significantly bel ow
MEAN.
RANGE . 05

Ri ght columm = H gh end of the range. Any higher value is significantly
above the MEAN.

Thv = Two-tailed Student’s t tests to determ ne whether the MEAN
deviates significantly from (falls above or below a
criterion val ue.

Cs = Center Scale (FAIR = 4.0).

shv = Significance Levels (p (0.05) for the itenms’ t scores.

05 = “better than” the criterion value, = .05 = “worse
than” the criterion val ue,
NA - Not significantly different fromthe criterion val ue.



E-3
Considering the nature of the questionnaire itens, this shows a
hi gh acceptance of the Data Link concepts eval uated.

Rank ordering the t scores makes it possible to determ ne which
itenms are notable as far as degree of preference.

QUESTI ON- BY- QUESTI ON RESULTS

Question 1 asks for a rating of the sinulation realism The
resultant rating is FAIR

Question 2 asks suggested inprovenents for realism Twel ve
suggestions are nade. See Narrative Comments section.

Question 3 asks if training is sufficient. The response is
unani nous, 7 yes and 0 no. Significant.

Question 4 asks if the services were used often enough to give a
fair evaluation. The answer was significantly yes for each.

Yes No
1. Assigned Altitude ("S") 7 0
2. InterimAtitude ("S") 7 0
3. InterimAltitude Menu Text 7 0
4. Transfer of Conmunication 7 0
5. Free text 6 0
Question 5 asks to docunent any system nal functions. Two are

ment i oned See Narrative Comments section.

Question 6a asks to evaluate the data input, DL /OK 1D
Controllers said unaninously (7-0) that it is needed, and works
SI GNI FI CANTLY GOOD.

Question 6b asks to evaluate the Data Link input, DL /OK S ID
Controllers said unaninously (7-0) that it is needed, and works
SI GNI FI CANTLY GOOD.

Question 6c asks to evaluate the Data Link input, Q R ID
Controllers said unaninously (7-0) that it is needed, and works
SI GNI FI CANTLY GOOD.

Question 6d asks to evaluate the Data Link input, QQ Z ddd ID.
Controllers voted 5 yes, 1 no, and 1 can't tell. It was rated
SI GNI FI CANTLY GOOD as to how it works, but a change is suggested
to elimnate the ddd as unnecessary.

Question 7 asks about attention alarms. See the Narrative
Comment s secti on.






Question 8 asks to rate the pilot response delays. The
controller ratings were SIGNI FI CANTLY GOOD.

Question 9 asks if the extended pilot response delays of the
suppl emental run were noticeably |longer. Yes=2, No=5.

Question 10 asks if Data Link could be used even with extended
pilot delay. Yes=6, No=0, Can't Tell=1. This is significant.

Question 11 asks if the PVD were preferred displayed or
suppressed. D spl ayed=6, Suppressed=1.

Question 12 asks what control events are best for free text. See
the Narrative Comments section.

Question 13 asks for foreseen problens for aircraft transitioning

in and out of DL coverage sectors. See Narrative Comments
section.
Question 14 asks if the controller should have the capability to
nmodify the Interim Altitude nenu text. Yes=5, No=1, Can't
Tel | =1.

Question 15 asks if there is a need to string nessages together
for one send. Yes=4, No=2.

Question 16 asks how best to design nenu text.

Separate nenus per service =1
One nmenu allow ng stringing = 3
A separate free text nenu =2

Question 17 asks the projected effect of Data Link on 11 itens.
Seven itens were rated significantly GOOD, four FAIR, and none
SI GNI FI CANTLY POOR. See table E-1 for itens 17a to 17k.

Question 18 asks if during a handoff the receiving controller
should also see the transfer of comm up arrow Yes=6, No=0
Can't Tel |l =1. Significantly approved.

Question 19 asks if Data Link is effective when things get busy.
Three said nore effective, one said less effective, one said
equal ly, and two can't determ ne.

Question 20 asks if the pilot need check in by voice on the new
frequency with Data Link. Yes=1, No=5, Can't Tell =1.

Question 21 asks if individual transfer of comm nessages can be
selected as automatic such that the change frequency nessage is
upl i nked upon handoff acceptance. Yes=5, No=1l, Can't Tell =1.

Question 22 asks for gaps in the system See Narrative Comrents
section.



Question 23 asks what's 1liked best. See Narrative Comments
section..

Question 24 asks what's liked |east. See Narrative Comrents
section.

Question 25 asks what future services should Data Link do. See
Narrative Comrents section

At the end of the data runs for scenarios 1 and 2, controllers
were asked to rate the traffic size per scenario on a scale from
1 to 10. This formis attached with the Wap-Up Questionnaire.
Al so asked was the projected traffic rating which would require D
si de assistance. The results are bel ow

Traffic size Need D si de

Avg Range Avg Range
Scenario 1 4 2-6 5.4 4-6
Scenario 2 4. 25 1-6 5.4 4-6

Interestingly, the controllers rated the traffic size as |ight-
to-noderate (4) for both scenarios, yet rated the | evel where a D
side should assist at 5.5 (noderate-to-heavy), only 1.5 points
hi gher . Since all the controllers projected the need for a D
side at 6, it's assumed that 5 (noderate traffic) is ful
capacity for one person at the sector. Thus, these ratings
reflect traffic size in terms of a two-controller operation in
the field, and not traffic size for the controller
hi msel f/ herself in the sinulation.

NARRATI VE COWVMENTS
The conplete conpilation of narrative coments to the Wap-Up
Questionnaire is attached to this appendi x. The comments that
m ght be interpreted as a consensus are sunmarized bel ow.

REALI SM Several itenms were nentioned that could increase
realism the inclusion of flight strips, increased and nore
varied traffic patterns, VOR s, radials, airways, nore typica
speeds, and turns.

ATTENTI ON ALARMS. Four controllers said no need for aural
alarnms. Three said FAILS should blink in full data block; two
suggested sonething else would be better because blink is too
simlar to CONFLI CT ALERT.

RESPONSE DELAY. Four responded that they becanme accustoned to
the delay since they would only use Data Link for nessages where
t he del ay would not be a problem



MULTI MESSAGE. Four comrented that the capability to string
messages together for one send would be good if it does not
i ntroduce entry errors.

E- 67
AUTO TOC. Four comrented that an option to nmake transfer of
communi cation automatic on an individual aircraft basis was a
good i dea.

GAPS IN THE SYSTEM Five commented on envisioned "gaps" in the
system each one of which was different.

SUMVARY OF RESULTS

The seven en route controllers reported that the Data Link Op
Eval had fair realism training was adequate, and mal functions
mnimal. They judged that they had sufficient use of the Data
Link services to give a fair evaluation. Response del ays
i ndi genous do Data Link transm ssion were judged no problem

New systementries, "DL /OK ID" "DL/OKSID, "Q R ID " and "QQ
Z ddd ID" were judged significantly good, wth a change
recommended for Z to elimnate ddd. Menu text should have the
capability of linking and nodifying nessages. No aural alarns
were considered necessary for attention alarns. The nost
preval ent phil osophy on alarns for failures was to blink it.

The projected effects of using the Data Link for ATCin the field
wer e, for the nost part, SIGNFICANTLY GOOD. Four of the 12
effects were rated FAIR and 8 were rated SIGN FICANTLY GOCD
i ncl udi ng: system capacity, overal | safety, efficiency,
and controller workload. Good effects were also projected for
sector interphone, R and D controller coordination, and
pilot/controller comrunications .

O the narrative answers in the comment section, the responses
anounted to a majority for four questions;

Real i sm can be inproved for the sinulation.
No aural al arns.

Response delay is acceptabl e.

Mul timessaging is good nmenu text item

Auto TOC is a good feature.

o™

Many ideas of future services are listed. A listing of narrative
coments per question in the Wap-Up Questionnaire foll ows.






NARRATI VE RESPONSES TO EACH QUESTI ON
VRAP- UP QUESTI ONNAI RE

QUESTION 1. No comments
QUESTION 2. How can we enhance realisnf
CONTROLLER

1 The design of the sinmulation is as good as it could be
considering the imtation of the [ab environnent.

2 Maybe use an Aeronautical Center sector setup. Handof f the
pl anes to us vs. their appearance. Allow the renotes to have
qui cker access of assigned altitudes.

3 NMre aircraft.

4 Vary the traffic patterns a little nore, wuse better trained
pilots.

5 Aircraft realistically would turn slower, pilots would read
back full clearances and answer up quicker.

6 Have the Mbde C work on all aircraft, don't have the aircraft
"appear" so close to the traffic. Have flight process strips.

7 The lack of VOR's, radials, airways in UDS Center did have a
limting effect on realism Al so, speeds of 190-240 kt on jets
is unrealistic. SIMOP's should be briefed on realistic speeds
and begin the sinulations accordingly.

QUESTION 3. Any ideas as to other training that would have ai ded
you?

CONTROLLER

7 | felt | needed a nore conplete briefing on procedures and
potential of both the GAT and t he NASA/ AMES si nul at or.

QUESTI ON 4. Did you use the services in this test often enough
to be able to give a fair eval uation?

CONTROLLER

5 Good services.






QUESTI ON 4 (Conti nued)
CONTROLLER

7 | feel F/T needs additional devel opnent. Most types of F/ T
messages W || probably be conposed and delivered by D side.

QUESTION 5. Please docunent any inadvertent malfunctions that,
wor ki ng properly, would have hel ped you make a fairer eval uation.

CONTROLLER

1 The D/L functions worked consistently enough.

2 Lack of Mdde C in scenario | nmade it too busy to try to
evaluate (until we sinply manually reported the altitudes wo
aski ng renotes).

4 None.

6 The itenms listed in #2.

7 None.

QUESTI ON 6a. Please evaluate the follow ng Data Link inputs: "DL
/K 1D " Controller with track control establishes DL comm wth
alc (alc is already on frequency).

CONTROLLER

1 Works good but procedures (like for track control) woul d be
needed to prevent soneone inadvertently using this.

7 But still requires manual coordination with transferring
controller

QUESTI ON 6b. Pl ease evaluate the following data link inputs: "DL
/K S ID" <controller with track control establishes DL
comm and sends his frequency to al/c.

CONTROLLER

1 Better than DL /OK I D because it also sends the freq.

2 Must define procedure because | don't want sonebody taking
communi cations of a/c | mght need to talk to.

7 Still requi res manual coordination wth transferring
controller






QUESTION 6c¢c. Please evaluate the followi ng data |ink inputs:
"Q RID " controller with track control and DL comm uplinks the
requested altitude to the a/c.

CONTROLLER

1 Real good, because it mnimzes nunber of keys to push.

7 Very useful service for high altitude controller.

QUESTI ON 6d. Please evaluate the following data |ink inputs:

"QQ Z ddd ID," initiating controller send the sanme Int. Alt. to
the pilot that the receiving controller has already entered in
t he FDB

CONTROLLER

1 Don't know if this is necessary or if procedures can be
witten around it.

2 | sent an incorrect altitude to aircraft (intentionally).
After the initial acceptance by the a/c, there was no indication
that this a/c received and is clinbing to the wong altitude.

3 Specific sites only.
7 This procedure is not routinely used in many facilities,

however, after the proper coordination it can still be a usefu
pr ocedur es.

QUESTI ON 7. How were the attention alarns? Should anything be
made to blink or not blink? How about aural alarns?

CONTROLLER
1 No aural alarnms needed. Fail in data block is good enough.
2 No aural alarns. An overanbitious conflict alert in the

facility is already making us conplacent to blinking. Mybe a
character in the altitude field indicating a need for action
woul d be sufficient.

3 No aural al arns.

4 K, but the fail on an altitude should flash, and an
unsuccessful transfer of comunication should flash in hour
glass. There should also be a distinction between FAIL and when
a pilot hits the UNABLE button.
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QUESTION 7 (Conti nued)
CONTROLLER

5 No blinking. Blinking remnds a controller of conflict alert
warning. No aural alarnms. There is enough noise already in the
control room

6 |If sonmething fails | think the entire data bl ock should blink
to make you nore aware of the failure.

7 In TOC, | feel the receiving controller needs an attention
device when hourglass is displayed. Per haps either highlight
(doubl e intensity) or perhaps even flash the hour glass for a few
seconds paraneter. Wthout the attention device, | found ny
normal scan being interrupted to check for eligibility.

QUESTION 8. How do you rate the pilot response del ays?
CONTROLLER

1 |If sonmething imediate is needed to be done, voice wll have
to be used anyway, so even though there is delays it isn't a real
maj or probl em

2 | got accustoned to it.

5 Data Link delays were good. Voi ce delays were not
realistic, they took too | ong.

7 The response tinme was not significantly different than what
we see today and did not cause a problem However ,
believe this is a critical issue that nust be successfully
resolved in system architecture prior to inplenentation.

Response tinmes greater than 12-20 seconds would, in ny
judgnent, be excessive for sone ATC SERVICES in certain
time-critical situations. O, perhaps voice wll continue

to be the choice of controllers in those situations.

QUESTION 9. For the run with extended pil ot response del ay,
were the del ays noticeably |onger?

CONTROLLER

1 Extended delays were not any worse since there's a del ay
with DL anyway.

2 Unless the delays beconme unreasonable | don't think they're
too difficult to conpensate for.
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QUESTION 9 (Conti nued)
CONTROLLER

5 The | onger delays would not be hel pful when busy.

7 Only in two or three instances did | notice a significant
di fference.

QUESTION 10. Could Data Link still be utilized effectively even
with the extended pil ot response del ay?

CONTROLLER

1 It would still work good for transfer of conmunication and

nost altitude changes.
2 See 9.

5 Only usable with transfer of comunication; for altitudes
changes, the delay is too |ong.

7 As it was experienced in the lab - yes, but see question
QUESTI ON 11. Did you prefer the PVD status list displayed or
suppressed?

CONTROLLER

1 Don't need it if status shows up in data block in sone form
The list takes too nuch tinme to | ook through.

2 | rarely used it anyway.

4 Needed for free text nessages.

5 |1 could see responses to ny nessages at a gl ance.

7 | believe the status list is essential and should be
di spl ayed. However, it continues to need refinement to make it
an effective tool. First, | feel it is not necessary to display

"SENT" and "HOLD' on the receiving controller PVD during a TOC
Secondly, we need to continue to explore ways to "display the
exception," i.e., failures, rather than display every "SENT."
Also, ny thinking at this tinme is that FT will becone primarily a
D-side function, therefore, display FT acknowl edge in D-side RVD
In short, keep the STATUS LIST - but edit it substantially to
keep in USABLE by the controller.
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QUESTI ON 12. What control events do you foresee would be best
handl ed by free text?

CONTROLLER

1 Only during energencies or when freq. ties are lost. | don't
like it for control functions.

2 Local ride reports, m scell aneous nessages.
Rout e changes.
Vectoring and speed adjustnents m nor route anendnent.

Send nessages from conpany or ARINC, send WK sequences, etc.

o o A~ W

A freq. change during stuck m ke tines.

7 (1) Field 10 anmendnents, that is, route revisions. (2) Current
ride reports when not included in weather products. (3) Speed

assignnents. (4) Very I|limted use as a radar vector tool.
Cenerally speaking, | found FT to be marginally useful to the "R
controller during slow periods, and not at all useful during busy
peri ods. The "R' controller sinply does not have the tine to

make | arge nunbers of KEYSTROKES.

QUESTI ON 13. What kind of problens are foreseen when aircraft
transition in and out of DL coverage sectors?

CONTROLLER

1 Controllers transitioning between use of DL and freq. It
m ght cause sone confusion unless the areas of |ack of coverage
were wel |l known.

2 As long as DL eligibility can be /OK' d, none at all.

3 This should not be a problem Either the controller does or
does not have Data Link.

4 Lost aircraft communication, if only tenporary causing the DL
controller having to enter extra nessages or nake additional
voi ce transm ssion

5 Can't envision any right now

6 The pilot attention is the weak |ink and/or the placenent of
the Data Link device.
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QUESTI ON 13 (Conti nued)

CONTROLLER

7 It is difficult to answer this question wthout nore
i nformati on about the coverage capability of the Mdde S sensors.
However, it is a crucial question that wll need to continue to

be | ooked at.

QUESTION 14. Should the controller have the capability to nodify
the interimaltitude nmenu text?

CONTROLLER

1 They should be set by facility procedure if an individual
controller has different preferences he can always do it another
way.

2 Gve us the chance to issue the particular clearances we |ike
to use.

4 Not really inportant because the controller will know which
items he will be using and probably won't have it displayed.
Al so, | suggest that the nenu text and the status |list be put on

di fferent keys.

5 Different controllers have different restrictions that they
use, they should have the ability to use the restrictions that
t hey want.

7 In other words, nodify DDD to 120, 230, etc. However,
| foresee nost nenu text itens to be predeterm ned by
sector and specified by Procedures Facility Directives.

QUESTION 15. Is there need to string nessages together with one
send (i.e., (1) fix cross alt. (2) speed, (3) heading = DL 1 2 3
FLID enter)?

CONTROLLER

1 That would save a lot of tinme for both pilot and controller
as long as the individual items were clearly identified in a
format the pilot would notice.

2 | believe that one clearance per transm ssion sets a better
rhyt hm and reduces chances of pilot error.

4 Absol utely.



5 During an arrival sequence, these three itens are given
t oget her frequently.
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QUESTI ON 15 (Conti nued)
CONTROLLER

7 The need is there, and it should be available as a controller
tool just as it is today. Naturally, it wll be applied only in
carefully controll ed areas.

QUESTI ON 16. How best to design nenu text?

Separate nenus (AA | A speeds, headings, free text)? One nenu
for string Xing, |A speeds, headings)? A free text nenu (of
typical free text nessages)?

CONTRCLLER

1 One nenu for nultiple nessages i s needed.
2 Try some different ways.

4 Stringing is an excellent idea.

5 Need to be able to put in whatever restrictions are needed
within a defined order. Sonetinmes |IA speeds may need to be sent
wi t hout headi ngs, other tines all three need to be sent.

7 1 continue to believe it will be a very valuable tool for the
controller; however, substantial design work renmains to be done
to maximze its utility to the controller. Sonme of this may be
facility or even sector specific. One principle that should be
further incorporated in it is to mnimze the possibility of
i nadvertently selecting the wong MI nessage. |Instead of nam ng
them sinple A-Z per haps identify the nessage by a
Letter/ Nunber/Name that actually bears a resenblance to the
nmessage. As far as stringing together vs. individual nenus, |
feel we need to look at those options in a test bed situation
before | can nmake an infornmed judgnent. Al so, given the
i ncreased capacity of |ISSS over the PVD, the answer would be
different.

QUESTI ON 17. For the Data Link Services tested, what would be
the projected effect of Data Link at your position on the
fol | ow ng:
CONTROLLER

1 Safety may increase due to reduced workl oad.
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QUESTI ON 17 (Conti nued)
CONTROLLER

2 | found that when | was issuing verbal clearances ny nouth was
busy, and when | was issuing DL clearances ny hands were very
busy.

4 On frequency changes.

5 Wen using Data Link nostly and not much talking it tended to
lull me into a relaxed node that |owered ny attention |evel.

7 At this stage | would have to qualify nost answers with "It
depends. "

QUESTI ON 18. During a handoff, should the receiving controller
al so see the up arrowin the FDB when a TOC is sent to the pilot?

CONTROLLER
1 Not a need to know, but extrenely hel pful.

QUESTI ON 19. Wen things get busy is Data Link
More effective
Less effective
Equal ly effective
Can't determ ne?

CONTROLLER

1 Only if a Dside or coordinator is involved. Wth only one
person working it isn't anynore effective because you still have
to do everything.

2 Wth nore practice | think I (or tw people working a sector)
could issue two cl earances sinultaneously.

5 Especially helpful is transfer of comunications function.

6 My answer may change if these task could be done by your D
side, but we did not get to experience test.

7 In the test environnent - | found that at 20% equi page and
busy session | did not use Data Link. At 80% it was feasible to
use it nore. However, sone of the controller workload nmay be

shared with D- and/or H O controller through proper procedures.
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QUESTI ON 20.

Since the pilot has the new frequency on display for reference,
does he need to voice check in on the new frequency?

CONTROLLER

1 Even if he doesn't cone over, with DL you can always go get
hi m agai n.

2 As long as he is receiving the correct info.

4 But there needs to be some way of insuring that he swtches to
the correct freq.

5 But we need to nmake sure that pilots switch over when given a
new frequency, maybe the Data Link could be tied into the pilots
actually switching the nunbers on their radio.

6 | personally |like the verbal enforcenent.
7 | feel that during field inplenentation, a voice check is
still desirable.

QUESTION 21. Is there a need for selectable automatic TOC (i.e.,
change frequency nessage is uplinked when receiving controller
accepts handoff) on a per aircraft basis? Possible entry could
be adding "S" to handoff initiation.

CONTROLLER

1 That coul d be useful in sone sectors.

2 Anything to save an entry - make indication in data bl ock.

4 Excellent idea.

5 That would be helpful as long as it is only on a per aircraft
basis, many tines aircraft are handed off prior to the tinme that
t hey shoul d be shi pped.

QUESTI ON 22. Using Data Link should leave no "gaps" in the
system Did you see any places where gaps in positive contro
could occur? |If so, any ideas as how to prevent then?

CONTROLLER

1 Holes in coverage if they are not well known could be a
serious problem
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QUESTI ON 22 ( Cont i nued)
CONTROLLER

2 If the pilots cleared altitude is different than that
reflected in the data block, then let's see it. (i.e., "280T263"
Time Share sent altitude to show "290S263."

3 No. Positive control is maintained via radio.

4 Yes. Wien an interimaltitude not sent to the pilot overrides
the actual altitude sent previously that failed. A failed
altitude should always have a flashing FAIL tinme share with the
altitude that failed and nmaybe even the previous assigned
al titude. Must remenber that a failed altitude nust still be
protected for.

5 Even with Data Link, pilots can conply in a tinmely manner or
not: their choice. | cannot envision howto correct this "gap."

6 No.

7 |1 believe a TOC without a voice check-in on the freq. does
|eave a gap during entire stages of inplenentation. | believe
voi ce check-in is desirable.

QUESTI ON 23. -What about Data Link do you |ike best, and why?
CONTROLLER

1 |If another person is doing sone of the inputs, it |eaves nore
time for the radar control to handle traffic situations.

2 The ability to transfer comuni cations. The pilot being able
to read the frequency greatly reduces the chances for |istening
errors often encountered when transferring conmunicati ons.

3 It has the capability of increasing the nunber of aircraft
that a given sector can control

4 Don't know what | |ike best, but not having to deal wth
i ncorrect pilot readbacks has to be the biggest advantage.

5 | like the ability to send nessages to pilots even if the
frequencies go out, or there is a stuck mke or they are just not
answering by voice. It would be a good backup so we can stay in

contact al nost 100% of the time.
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QUESTI ON 23 (Conti nued)

CONTROLLER
6 | like the "ability" to use it when | decide. It is a tool
that with experinentation each controller wll determ ne what

function he/she feels confortable using. The stuck m ke scenario
Dat a Li nk woul d be a bl essi ng.

7 a. The ability to free-up voice channel by uplinking routine
and repetitive clearances (and weat her produces).

b. An additional backup/energency conmmunications channel.
C. The potential to share nore of workload to D-controller
and/ or Handoff Controller.

QUESTI ON 24. \Wat about Data Link do you like |east, and why?
CONTROLLER
1 Possibility of coverage hol es.

2 No readbacks and the lack of ability to double check assigned
altitudes of transitioning aircraft - (Maybe they should check on
while a/c in level flight remain silent).

3 It wll take to long to inplenent.

4 The Hourglass synbology in front of the call sign has to go.
It is too close to the first letter of other call sign and
causes confusion between our carrier designations such as AL, XL,
XAL, XEAL, XAAL.

5 In the future when a majority of the a/c have it and we are
using it a lot, I think it wll be nore of a problem staying
alert.

7 a. During heavy traffic, the switching back and forth from
voice to DL makes it difficult to maintain the "rhythm that is
required to work heavy traffic.

b. Loss of "personal contact” with pilots.

QUESTI ON 25. What future services would you like to see Data
Li nk do?

CONTROLLER

1 Automatic altimeter uplinks (controller out of the |Ioop, so he
doesn't even have to think about the altinmeters). Menu text
mul ti pl e nmessage uplinks (not in free text though) such as speed
control, heading.
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QUESTI ON 25 (Conti nued)
CONTROLLER

2 Assign headings - (i.e., QAK or DL H dd CD)(dd = Heading
di vided by 10), i.e., 34 = 340

Assign speeds - (i.e., QAK or DL S dd CI D (dd=Ai rspeed divided
by 10), i.e., 25 = 250

Assign Routes - (i.e., Tie in the Data Link with ny route QAK
simlar to the way you have done with the altitude. Expand the
use of the route key to allow (a) entering a heading to intercept
an airway, (b) the airways, (c) enter a previously defined route
stored in a database.

Link the Data Link with extended flight managenent database
systens in the cockpit.

3 Weat her and ot her nessages that are workload on the controller
and not specifically control related.

4 Provide for two-way communi cation with the pilot, allow ng the
pilot to send lengthy route change request would be a great
advant age.

5 | would like to see NOTAMS5, SIQGVETS, center WK advisories,
etc., issued via Data Link. | would like a capability to send
t hese nmessage and others conposed via free text to all airplanes
on ny frequency with one nessage. I would like to be able to
send routings up to aircraft via Data Link at the sane tine it is
bei ng updated in the conputer. Maybe we could also find a way to
i ssue holding instructions via Data Link. | think it would be
easier for pilots to read long, and, conplicated instructions
than to hear them over, and over, and over sonetines on |ousy
frequenci es.

6 Automatically transmt |atest ATIS, SI GQVETS, weat her
advi sori es. The nmenu text should be open for changes or
additions by the controller at all tines. As things in the
sector change, i.e., if the nmenu text is pre-established or

supervi sor established and you would go into unforeseen holding
you could not Data Link the holding instructions, which could
really help and may be the difference between going under and
not .

7 1 believe the next step is to develop D/L products that can be
used by G A and other VFR pilots, such as exchange of traffic
i nformation, airspace information, D/ L weather products.
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ATTACHVENT

Nane Dat a Li nk Eval uati on
Date Sect or FAA Proj. No. T2001B
4-18-89

VRAP- UP QUESTI ONNAI RE

1. How would you rate the sinulation realisnf (Crcle One)
Not e: The abbreviations below will|l be used | ater on.
Consi der "F" as borderline (i.e., maybe) acceptable.

Very Slightly Slightly Very Can’ s
Good Good Good Fair Poor Poor Poor Tel
(VG (G (SGQ (F) (SP) (P) (VP) (CT)

2. How can we enhance realisn? (Use extra space on back.)

3. Was training sufficient? Yes , No : Any ideas as to
other training that woul d have ai ded you?

4. Did you use the services in this test often enough to be able
to give a fair evaluation? (Crcle one, CI = can't tell)

1. Assigned Altitude ("S") yes no CT
2. InterimAltitude ("S") yes no CT
3. InterimAltitude Menu Text yes no CT
4. Transfer of Conmunication yes no CT
5. Free Text yes no CT
Comment ?
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5. Pl ease docunent any inadvertent malfunctions that, working
properly, would have hel ped you nmake a fairer eval uation.

6. Pl ease evaluate the followng Data Link inputs especially
encountered in the last run. GCrcle the rating.

a. DL /OKID Controller with track control establishes DL comm
wth a/lc. (alc is already on frequency.)

s this needed? Yes no can't tell
How wel | does it work? VG G SG F SP P WP CT
Comment ?

b. DL /K S ID Controller with track control establishes DL
comm and sends his frequency to al/c.

s this needed? vyes no can't tell
How wel| does it work? VG G SG F SP P W CT
Comment ?
c. Q R ddd ID Controller with track control and DL conmm
uplinks the requested altitude to the a/c.
| s this needed? yes no_ can't tell
How wel | does it work? VG G SG F SP P W CT
Coment ?

d. QQ Z ddd ID Initiating controller sends the sanme Int. At.
to the pilot that the receiving controller has already entered in
t he FDB

s this needed? yes no can't tel

How wel | does it work? VG G SG F SP P VP CT
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Coment ?

7. How were the attention alarns? Should anything be nmade to
blink or not blink? How about aural alarnms?

8. How do you rate the pilot response del ays? Di sregard the
second-to-last run (which had extended del ays).

Circle one (see 1.): VG G SG F SP P VP CT
Comment ?

?

9. For the second-to-last run O(wth extended pilot response
del ay), were the delays noticeably longer? yes  no_
Comment ?

?

10. Could Data Link still be utilized effectively even with the
extended pil ot response del ay? yes no can't tell
Comment ?

?

11. Did you prefer the PVD status list displayed or suppressed?
(Check one) Di splayed ~ Suppressed

Coment ?
?

12. \What control events do you foresee would be best handl ed by

free text?
?




13. What kind of problens are foreseen when aircraft transition
in and out of DL coverage sectors?




14. Should the controller have the capability to nodify the

interimaltitude nmenu text? vyes no can't tell __
Comrent ?

?

15. Is there need to string nessages together with one send

(t.e., (I)FRix cross alt, (2)speed, (3)heading = DL 1 2 3 FLID
enter)?
yes no _ can't tell

Coment ?

16. How best to design nenu text?
Separate nenus (AA, | A speeds, headings, free test)
One nenu for stringing Xing, |A speeds, headings)
A free text nenu (of typical free text nessages)

Coment ?

17. For the Data Link services tested, what wuld be the
projected effect of Data Link at your position on the follow ng:
(Check box, |eave blank if cannot project.)

PROJECTED EFFECT ON VG G SG F SP P W

System capacity

Keeping the picture

Weat her handl i ng

R-D controll er coordi nati on

Sector interphone coordination

Pilot-controll er communi cati ons

A/ C conflicts (systemerrors)

Flight strip marking/handling

Overall efficiency (speed)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
Overall safety I
I




Overal |

control |l er workl oad




Coment s?

18. During a handoff, should the receiving controller also see
the up arrowin the FDB when a TOCis sent to the pilot?
yes no_ can't determ ne

Coment ? ?

19. When things get busy is Data Link __ nore effective
_____ | ess effective
equal ly effective

can't detern ne

Coment ? ?

20. Since the pilot has the new frequency on display for
reference, does he need to voice check in on the new frequency?
yes , no , can't tell

Coment ? ?

21. Is there a need for selectable automatic TOC (i.e., change
frequency nessage is uplinked when receiving controller accepts
handoff) on a per aircraft basis? Possible entry could be adding
"S" to handoff initiation. yes no can't tel

Coment ? ?

22. Using Data Link should |eave no "gaps" in the system Dd
you see any places where gaps in positive control could occur?
| f so, any ideas as how to prevent thenf?
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23. \Wat about Data Link do you like best, and why?

24. \Wat about Data Link do you like |east, and why?

25. What future services would you like to see Data Link do?
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GAT SCENARI Os

The pilots flew two different scenarios at altitudes and speeds
(maxi mum of 180 knots (kts) representative of general aviation
aircraft operating under | nst runment Fl i ght Rul es (I FR)
conditions. The field elevation for the General Aviation Trainer
(GAT) simulator, though not representative of the Atlantic Cty
(ACY) - Phil adel phia area, was set at 5,000 feet (ft) nean sea
level (ms.l.). This allowed the pilots to reach the assigned en
route cruising altitudes (12,000 ft for scenario #1 and 11, 000
ft for scenario #2) in an accelerated fashion. Before each run
began, the subject pilots were issued a clearance delivery by the
inflight observer and given instructions to make requests for

weather (WX). In voice runs, pilots tuned to ACY Flight Service
Station (FSS) for destination terminal WK and en route w nds
al oft. In data link runs, pilots were instructed to use the
Tel edyne di spl ay. Experinenters provi ded gr ound t axi

instructions (to the departing runway,) tower, departure and
approach control s.

SCENARI O #1.

GAT pilots flew a westbound route totaling 93 nautical mles
(nm) (see figure F-1). They departed at an initial heading of
270 and were cleared to 8,000 ft ms.I. Before reaching the
assigned altitude, departure handed off N8417P to Universal Data
Set (UDS) Center. Shortly after inception into the sinulation
(control from UDS Center), the pilots were instructed to clinb to
the assigned altitude of 12,000 ft (or given an interim altitude
of 10,000 ft, then the assigned altitude of 12,000 ft). After
| evel off and before reaching the sector boundary, the inflight
observer pronpted the pilots to make a request for any pilot
reports (PIREPS) in the area. In voice runs, since the GAT
simul ator had one radio, the pilots requested from UDS Center a
change of frequency. The controller issued the instructions to
"...report back up in 3 mnutes.” Simlarly, after hand-off to
the next controlling sector, the inflight observer pronpted the
pilots to make a request for a surface observation at the
destination airport. On the final approach, UDS Center
instructed the pilots to descend to 7000 ft ms.Il. (2000 ft above
ground level (AGL) for a straight-in Instrunent Landing System
(I'LS) approach to the destination airport. The controller issued
a final command to contact approach control wthin 15-20 nm from
the airport. A total of four heading changes were made during
this scenario.
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SCENARI O #2.

The scenario was run in an easterly direction wth one |ess
headi ng change and an additional 5 nm of flight (see figure F-

2). The inflight observer, as in scenario #1, instructed the
pilots to make two WK requests before release and two additiona
requests while inflight. The initial clearance altitude and
heading were 9,000 ft and 090, respectively. Upon reaching

9,000 ft, the simulator appeared in the sinmulation. Air Traffic
Control (ATC) instructions included two altitude assignnments from
9,000 to 11,000 ft and from 11,000 to 7,000 ft. A frequency
change (sector handoff) was issued mdway in the flight. Tot a
sinmulation time for each run was approxinmately 40 to 45 m nutes
with 10 mnutes accounting for preflight check, «clearance
delivery, and ground/tower/ departure procedures as described
earlier.

B- 727 SCENARI OS

The B-727 flight plan followed an eastward route from
Phil adel phia to Atlantic Cty (see figure F-3). Along wth
EALS55, a nunber of other sinulated aircraft flew the sane route;
8 aircraft in scenario #1 and 11 aircraft in scenario #2. Speci al
overflight routes were incorporated in the scenarios to produce
potential conflicts. It was the nature of these conflicts and
the presence of additional high altitude aircraft which caused
variations in the ambunt and type of ATC instructions given to
EALS55 in any one run. (The GAT received consistent anmount of
instructions across all runs.) Additionally, the nunber of
individually <controlled sectors along the route for EAL5S5
decreased from 3 to 1 for scenario #1 and scenario #2,
respectively. This was due to the separation of the UDS Center
airspace into two distinct environnments; one representing a
sinmul ated departure airspace and the other a simulated approach
ai r space.

SCENARI O #1.

EALS5 was released into the sinulation at 12,000 ft wth an
initial heading of 038. The initial airspeed and clinb rate were
325 kts and 800 ft/mn, respectively. The relatively |low rate of
climb was used so as to cause potential conflicts with the
overflight routes (to create workload for the controllers). The
scenario was 198 nm in length and required ni ne headi ng changes.
EALS5 started out in a low sector with instructions to clinb to
23,000 ft. A frequency change fromalow to high sector usually
proceeded an assignnent to 25,000 ft. The high sector controller,
in turn, instructed EALS5 to fly

F-3
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to 27,000 ft. After level off at +the cruising altitude
(rmai ntai ned no longer than 5 mnutes in any run), EAL55 received
anot her frequency change to a high sector. The controller then

issued an altitude assignment to 24,000 ft, followed by a
frequency change to a | ow sector controller who, in turn, issued
a final assignnent of 12,000 ft.

SCENARI 0 #2.

EALS55 was rel eased at 12,000 ft with an initial clinb rate of 800
ft/mn and an airspeed of 325 kts. Scenario #2 was the sanme as
scenario #1 except for an initial heading of 068. Scenari o #2
was 194 nm in length and required eight headi ng changes. As
noted by the initial low altitude (12,000 ft), EAL55 was part of
the departure airspace. Because of the new sectorization, EAL55
was exposed to only one handoff (UDS Center |owto-high) which
occurred mdway in the flight. The departing sequence of ATC
instructions paralleled those of scenario #1. After reaching an
assigned altitude of 27,000 ft, the nunber of ATC instructions
decreased and the type of instructions varied wth each
controller group. Though both scenarios represented nedium to
high traffic | oads, scenario #2 represented an increased | evel of
potential ATC conflicts.

F-5



To counteract the difference in nunber of frequency changes in
each scenario, a sinulated frequency change was issued prior to
EALS55's release into scenario #2. This was acconplished by
having the inflight observer instruct the first officer to touch
" SELF TEST" on the Tel edyne. Touching SELF TEST causes a
"RUNNI NG' followed by "PASSED !'" indication (refer to appendi x G
figure G7). Upon returning to MAIN the annunciation "TOUCH FOR
ATC MESSAGE" was displayed which <contained the simulated
frequency change. This was an attenpt to add to the workload to
correct for the decrease (from scenario #1) in the nunber of
controlled sectors in the flight plan.
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TELEDYNE SPECI FI CATI ONS

The display device used was a Tel edyne Interactive Display Unit
(IbY, Model 2229346023, upon which had been programred, text
appropriate to the service being used. See figure G 1.

SPECI FI CATI ONS.
Type: Light emtting diodes (LED), 32 LED s/inch, 128 by 118 LED s

Interactive Characteristics: via 24 X & 21 Y axis infrared beans
Qutput: Standard ASCI| character set Electrical Interface RS-232

The cockpit of the GAT and B-727 (with the Tel edyne installed)
can be seen in figures G2 and G 3, respectively.

FORVAT CHARACTERI STI CS

The opening or main nenu format is shown in figure G 4. Thi s
menu allowed for selecting various weather products, nessages
recei ved, and user system set up. A location identifier (LOCID)
menu (figure G5) allows the user to select a WK station of
i nterest. In this design, a list of six LOCID s was presented,
an on-screen keyboard option (figure G6) was also avail able.
The system set up nenu (figure G7) allowed various system
paraneters to be adjusted. Finally, on the main nenu, a nessage
list option (figure G8) allowed retrieval/review of the eight
nost recent WK or ATC messages.

The package of services for this evaluation included two ATC and
four weather services. An exanple of each service format is
presented below along with a brief description. The exanple
formats are representative of those seen by the GAT pilots during
the evaluation. The B-727 formats, while simlar, were slightly
different to reflect the altitude environnent difference. I n
addition to the two fixed ATC services, the subject controllers
were able to create and send ATC oriented "free text" (20-
character limt) nessages, e.g., heading or speed changes.

WEATHER.

Term nal Forecast (FT) - A 24-hour prognosis of weather
conditions within the imediate vicinity of a selected |ocation;
includes sky and ceiling, visibility, weather, obstructions to
Vi si on, cl oud heights, and whether visual or instrunent
conditions are expected (see figure G9).

W nds/ Tenperatures Aloft (FD) - A report of projected w nds and
tenperatures for a range of altitudes; includes w nd speed, w nd
direction, and tenperature (see figure G 10).
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DATALINK MAIN MENU
TERMINAL FCST
SURFACE OBS

WIND/TEMP

v+ 1

REQUEST PIREP

MESSAGE LIST

v 4

USER SET UP

FIGURE G-4. THE MAIN MENU

LOCATION LIST

TERM FCST FOR: ENO

» ACY —» DQO —® ENO

MIV > RBV —» RHM

—» SEND —» KEYBOARD

SENT!

MAIN

FIGURE G 5. THE LOCATI ON | DENTI FI ER (LOCI D) MENU
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TERMINAL FCST : AGC

A B CDEFG

H 1 J KL MN

OPQRSTWU

V W X Y Z
— CLR — BKS — SPC —> SEND
Fkxxkik GENT | *rxkkkkk
MAIN

FIGURE G 6. THE KEYBOARD MENU

!

l

l

USER SET UP

AUDIO DEMO

LOGO

TONES ON—TONES OFF

SELF TEST RUNNING
PASSED

DARK BRIGHT  MAIN

FIGURE G 7. THE USER SET UP MENU
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RECEIVED MESSAGES
ALT ASSIGN 1333 UNA
WND/TMP ACY 1343 ACK
TFCST ACY 1437 ACK
SURF OB ACY 1438 ACK
SURF OB AGC 1445 ACK
PIREP ACY 1510 ACK

PIREP MIV 1512 ACK
FREQ CHANGE 1515 WIL

MSG LST MAIN

FIGURE G 8. A TYPI CAL MESSAGE LI ST FORNVAT

TERMINAL FCST DQO

20TH 1800Z TO 1800z
1800Z-0100Z

SKY: 20 OVC
0100Z-1200z
SKY: 15 OVC
12002-1800Z
MVFR

MAIN




FIGURE G9. A TYPICAL TERM NAL FORECAST FORNVAT
G6
Surface Cbservation (SA) - A report of current ground weat her at
a selected station; includes sky conditions, ceiling, visibility,
weat her, obstructions to vision, wind direction/speed, altineter
setting, and additional remarks (see figure GI1).

PIREPS (UA) - Pilot reports of inflight conditions which my
include information on sky cover, flight visibility, flight
weat her, and indications of icing or turbulence, etc. (see figure
G 12).

Al R TRAFFI C CONTROL.

Al titude Assignnent (AA) - An ATC conmmand to change to assigned
al titude. The comand nay also contain time or crossing
references and, if required, an altineter setting (see figure G
13).

Frequency Change (FC) (or Sector Hand-off) - An ATC command to a
pilot to change to a new traffic control agency/center frequency
(see figure G 14).

DATA LI NK SW TCH NG LOG C
WEATHER

1. Downlink WK Request. On the MAIN nenu, select the WK product
of interest; a nenu of LOCID S appears. The service requestedis
di spl ayed above the nenu of avail able |ocations. After selecting
the desired location, the three letter identifier is displayed
next to the service requested; e.g., TERM FCST FOR ACC
(Al'l egheny County). Once a location is entered, touch the "SEND'
command. A confirmation that the request has been sent (*****
SENT! *****) gppears briefly on the display.

a. Subsequent selections of a location in the LOCID nenu
clears the previous |ocation entered.

b. If desired, an alternative node of selection exists
t hrough the "KEYBOARD' command on the LOCI D nenu. The KEYBQOARD
option was not used in the eval uation.

C. Once "SEND' has been selected, the LOCID nenu renmins
until selecting "MAIN. "

d. After a request and upon returning to MAIN, a "?" and the
| ocation requested wll appear next to the requested service to
denote a pendi ng WK nessage (see figure G 15).



WIND/TEMP ALOFT RBV

20TH 1800Z TO 1800Z
ALT DIR SPD TMP
6000 00O O *

9000 240 15 -6

12000 240 20 -11

MAIN

FI GURE G 10.

A TYPI CAL W NDS/ TEMPERATURE ALCFT FORVAT




SURFACE OBS DQO

TIME: 12547
SKY :20 OVC VIS 5

TEMP :49 DEW PT :38
WIND:210/5
ALTIMETER: 30.19

MAIN

FIGURE G 11. A TYPI CAL SURFACE OBSERVATI ON FORVAT

G8

PIREP RBV
TIME: 1335Z
ACFT: KC135 FL280
LOC :360 30ONM RHM
WIND:255/37 TMP:-30

MAIN

FIGURE G 12. A TYPICAL PILOT REPORT (Pl REP) FORVAT



ALTITUDE ASSIGNMENT

CLIMB AND MAINTAIN

ALTITUDE: 16000

ALTIMETER: 29.98

WILCO UNABLE

FIGURE G- 13. AN ALTI TUDE ASSI GNMENT FORVAT

G9

FREQUENCY CHANGE

CONTACT UDS CENTER ON

NEW FREQ: 122.50

CURRENT FREQ: 123.50

WILCO UNABLE

FIGURE G 14. A FREQUENCY CHANGE FORVAT




DATALINK MAIN MENU

TERMINAL FCST ? AGC

SURFACE OBS

WIND/TEMP

Ll

REQUEST PIREP

MESSAGE LIST

[

USER SET UP

FIGURE G 15. A FORVMAT SHOW NG A PENDI NG WEATHER MESSAGE
G 10

e. If arequest for WK is not avail able, "WK NOT AVAI LABLE"
is briefly displayed near the bottom and the system returns to
MAI N aut omati cal ly.

2. Receive Uplink WK Message. A three beep tone and the nessage
"TOUCH FOR WK MESSAGE" annunciate the arrival of requested W
data (see figure G 16). Upon touching "TOUCH FOR WK MESSAGE, "
the WK information is displayed.

a. Wthin each WK nessage (see WK fornmats) the word "MAIN' is
di spl ayed at the bottom right. Touching "MAIN' will toggle the
system back to MAIN.

b. The "?" wll disappear (in MAIN) next to the WK product
after viewng the WK information. The LOCID remains until a
different location is requested for that service.

C. If, while waiting for a WK nessage, an ATC nessage
arrives, the pronpt "TOUCH FOR WK MESSACE" w || not appear until
after responding to the ATC instruction. If an ATC nessage

arrives before conpleting a request for WX, the request wll
require conplete reinitiation.

Al R TRAFFI C CONTROL.




1. Receive Uplinked ATC Instruction. A two beep tone
(distinctive from WK tone) and "TOUCH FOR ATC MESSACGE" (in
reverse video) annunciate the arrival of ATC instructions (see
figure G 17). Upon touching "TOUCH FOR ATC MESSAGE', the ATC
message i s displayed along with the options "WLCO'" and "UNABLE. "

a. Upon touching "WLCQO', "**x** GENT! *****" jg djsplayed
momentarily.

b. Upon touching "UNABLE', "CONTACT ATC VIA RADIO' is
di spl ayed nonentarily, followed by "***** SENT! **x**" (gee
figure G 18).

c. After "***x** GENT! **x*x**"_ |5 displayed (as in la and | b),
the command MAIN replaces the WLCO UNABLE |ine. The ATC nessage
stays on the screen until MAIN is selected.

d. If nore than one ATC nessage is queued, subsequent ATC
messages will not appear until the current ATC nessage has been
W LCOed or UNABLED. Every ATC nessage in the queue requires
t ouchi ng the TOUCH FOR ATC MESSAGE pronpt.

G 11



DATALINK MAIN MENU

-_— TERMINAL FCST AGC
—_ SURFACE OBS

_— WIND/TEMP

— REQUEST PIREP

MESSAGE LIST

[l

USER SET UP

TOUCH FOR WX MESSAGE

FIGURE G 16. A FORVMAT SHOW NG AN AVAI LABLE WEATHER MESSAGE

DATALINK MAIN MENU

TERMINAL FCST AGC

SURFACE OBS

WIND/TEMP

L1

REQUEST PIREP

MESSAGE LIST

[l

USER SET UP

TOUCH FOR ATC MESSAGE

FIGURE G 17. A FORVMAT SHOW NG A PENDI NG ATC MESSAGE
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ALTITUDE ASSIGNMENT

CLIMB AND MAINTAIN

ALTITUDE: 16000

ALTIMETER: 29.98

CONTACT ATC VIA RADIO

FIGURE G 18. THE DI SPLAY AFTER AN UNABLE RESPONSE TO AN ATC
MESSAGE

MESSAGE LI ST.

A list of received transactions, both ATC and WX, can be viewed
in the MESSAGE LI ST upon touching the "MESSAGE LIST" line in the
MAIN nmenu (see figure G 8). The "MAIN' conmand appears on the
bottomright of the MESSAGE LI ST nenu.

1. D splayed in columar form are abbreviations of each W
service followed by the LOCID, tinme received, and a three-letter
status identifier of the transaction. An ACK (Acknow edge) or
NDA (No Data Avail able) distinguish those WK nessages that were
avai |l able (and seen) from those which were not available for the
station request ed.

2. An abbreviation of ATC nessages received were foll owed by the
time received and a three-letter description of the transaction:
WL (WLCO and UNA ( UNABLE).

3. If desired, the conplete nmessage was vi ewabl e by touching the
appropriate line in the list.

4. An "MSG LST" command appears to the left of the MAIN command
on the bottom line of each nessage selected through the MESSAGE
LI ST. This allows one to return to the MESSACGE LIST nenu to
retrieve another nessage or return to MAIN
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5. Ei ght nmessages can be displayed/retrieved from the MESSAGE
LI ST. Once eight nessage transactions have been nade, each
succeeding transaction will replace the existing nessages in a
t op- down fashi on

USER SET UP

Brightness level of the display was adjustable through the USER
SET UP nenu (retrieved from MAIN nenu). O her options on the
USER SET UP nenu, Audio Denpb, Logo, and Tones on/off were
avai |l abl e but not used in the eval uation.

GENERAL

1. The system did not permt multiple WK requests. A request
for WK required conpletion and viewng the data prior to nmaking
anot her request.

2. Wien TOUCH FOR WK MESSAGE or TOUCH FOR ATC MESSAGE appear ed,
all other screen functions were di sabl ed.

3. If a TOUCH FOR WK MESSACE is displayed and an ATC nessage
arrives, the nessage TOUCH FOR ATC MESSACE replaces the W
message. After conpletion of the ATC transaction, the WK nessage
r eappear ed.

4. Wth all touch activity, a one-beep tone provided audio
f eedback.

5. \Were shown on the formats, an "®" represented a selectable

item The bottom|line, however, did not have an "®" indication.
The hi gher |evel commands that appeared on the bottomline of the
display were enclosed by a thin-lined rectangle, allowng the
area to be nore discrimnable.

G 14
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GENERAL
The test was conducted over 2 days. Six data runs were conpl eted
each day at each location for a total of 24 runs. Each
pilot/crew flew three runs; two with Data Link and one using
voice (as a baseline control condition). The ground Data Link

group also allowed tine for up to four supplenental runs. The
ai rborne group at NASA participated in one of these runs because
of a technical problemin a data run. The airborne group at the
FAA Technical Center participated in tw of these runs for
additional data (no technical problens occurred).

An attenpt was nade to exercise each of the four weather services
during each run. The nunber and type of Air Traffic Contro
(ATC) nessages were, however, variable. Table H 1 presents the
ATC and weat her services exercised in each run for GAT. Table H 2
presents this information for the B-727. A summary of Data Link
voi ce/ weat her ATC usage for the GAT and B-727 is presented at the
bottom of table H 2 (also note the nunmber of voice call backs).

TABLE H|. GAT ATC/ WEATHER SERVI CES EXERCI SE BY RUN
Run 1 2 3 4 5 6 7 8 9 10 11 12

Alt.
Assi gn 2 3 3 1

2
Freq Chg 1 1 1 1 1 1 1 1 1 1 1 1
Free Text (@) 1 0 0 O

Veat her
T Fcst 1 1 1 1 1 1 1 1 1 1 1 1
S (bs 1 1 1 1 1 1 1 1 0 1 1 1
W nd/ Tenmp 1 1 1 1 1 1 1 1 1 1 1 1
Pl REP 1 1 1 1 1 1 1 1 1 1 1 1
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TABLE H2. B-727 ATC WEATHER/ SERVI CES EXERCI SED BY RUN
Run 1 2 3 4 5 6 7 8 9 10 11 12
ATC
Alt. Assign 7 3 6 4 3 9 5 5 6 8 6 6

Freq Chg 3 3 4 2 2 3 4 2 2 1
Free Text 7 2 3 4 0 2 1 1 8 2 5
Weat her
T Fcst 1 1 1 1 0 0 1 1 0 0 1 1
S (bs 1 1 1 1 1 1 1 1 1 1 1 1
W nd/ Tenmp 0 1 1 1 0 0 1 1 1 0 0 1
Pl REP 0 0 0 1 0 0 0 1 0 1 1 1
Total s WK Dat a Li nk 57 ATC Data Link 106
(Tables 1 Wk Voi ce 22 ATC Voi ce 75
and 2) - cal | backs 3 - cal | backs 10
OBJECTI VE
The objective neasures of performance during the evaluation were
various tinme intervals. Definitions of the critical tinme
intervals (in both Data Link and voice) follow Figure HI

presents the tinme interval definitions in a graphic form for
clarity.

TI ME | NTERVAL DEFI NI TI ONS.
Weat her .

MCT - Message Creation Tine.

Voice - The interval begins wth the pilot activating the m ke
swtch (PTT-Push To Tal k-ON), during which a request for weather
is made, and ends when the pilot releases the mke swtch (PTT-
OFF) .

Data Link - The interval begins when pilot touches one of four W
products on the MAIN nmenu; included is the tine required in
sel ecting the appropriate LOCID. The interval ends upon touching
"SEND" in the LOCI D nenu.

H 2



DATA LINK VOICE

"TOUCH FOR ATC..."

DISPLAYED A
NO COUNTERPART
*TOUCH FOR ATC..." |
TOUCHED
ATC PTT-ON
ATC FORMAT
"EAL55, CLIMB AND..."
DISPLAYED
TOUCH "WILCO" OR PILOT PTT-OFF
"UNABLE" "ROGER, EALSS..."

FIGURE H 1. TI M | NTERVALS DEFI NED (SHEET 1 OF 1)
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DATA LINK

SELECT WX

FROM MAIN

TOUCH "SEND" IN

LOCID MENU

*TOUCH FOR WX..."

DISPLAYED

*TOUCH FOR WX..."
TOUCHED
WX FORMAT

DISPLAYED

TOUCH "MAIN" IN

WX FORMAT

FI GURE H- 1.

WEATHER

4

1

)

PILOT PTT-ON
"N8417P REQUEST PIREP..."
PILOT PTT-OFF
*...FOR DUPONT AREA"
Fss PTT-OFF
"I HAVE REQUEST OVER"
PILOT PTT-ON
"GO AHEAD"
Fss PTT-ON
"PIREP REPORTED NEAR.."
Fss PTT-OFF

TI ME | NTERVALS

H- 4

*..MODERATE TURBULENCE"

DEFI NED ( SHEET 2 OF 2)



ST - System Ti ne.

Voice - The interval begins with the release of the mke swtch
in MCT and ends wth the FSS/ Flight Watch release of the m ke
switch after announcing that WK is available, i.e., "I have your

request, over."

Data Link - The interval begins with touching "SEND' in MCT and
ends when "Touch for WK Message" is displayed.

RL - Response Latency.

Voice - The interval begins with the FSS/ Flight Watch rel ease of
mke switch and ends when the pilot presses mke switch to
announce, "Yes, Flight Watch, go ahead."”

Data Link - The interval begins with the annunciation of "Touch
for WK Message" and ends when the pilot touches the pronpt "Touch
for WK Message. "

MPT - Message Processing Tine.

Voice - The interval begins when FSS/ Flight Watch activates the
mke to "read" the WK nessage to the pilot and ends when FSS
releases the mke after reading the conplete nessage. Any

repeats of information required added to the tine as appropriate.

Data Link - The interval begins with the appearance of requested
weat her on the screen and ends when the pilot touches MAIN nenu.

Air Traffic Control

RL - Response Latency.

Voice - No counterpart to Data Link

Data Link - The interval begins when "Touch for ATC Message"
appears on the display and ends when the pilot touches the pronpt
"Touch for ATC Message."

WUT - WLCQO UNABLE Response Ti ne.

Voice - The interval begins wth controller's PTT-ON (during
which the ATC instruction is delivered) and ends with the pilot's
rel ease of the mke switch after acknow edging the instruction

If the pilot requested a "SAY AGAIN," this time was included.

Data Link - The interval begins with the appearance of the ATC
Instruction on the display screen and ends with the touch of
W LCO or UNABLE.

H5



The follow ng provides an exanple of the voice transactions nmade
between the pilot and FSS/ Flight Watch as inplenmented in the test
during voice runs.

Action Pil ot:

PTT-ON (Start of MCT) "Atlantic Cty Wather, 17P
requesting Dupont (DQO Term nal
Weat her . "

PTT- OFF (End of MCT)
(Start of ST)

Weat her :
PTT- ON "17 Papa, please stand by."
PTT- OFF
PTT- ON "17 Papa, this is Atlantic City

Weat her with your request, over."
PTT- OFF (End of ST)
(Start of RL)

Pilot:
PTT-ON (End of RL) "Atlantic Gty Weather, go ahead."
PTT- OFF

Weat her:
PTT-ON (Start MPT) "17P, Dupont Term nal Wather for 18Z

to 01Z, sky coverage at 2,000 feet,
over cast. For 01Z to 12Z, sky
coverage at 1500 feet, overcast. For
12Z to margi nal VFR (Visual Flight
Rul es) is expected. Current Atlantic
Cty altimeter 29.93."

PTT- OFF (End of MPT)
Pilot:

PTT- ON "Atlantic Cty Wather, 17 Papa, |
copy Dupont Term nal Weather." -
Pilot may read back weat her for
confirmation at this point.

PTT- OFF

H 6



Figure H2 presents the pilot time response data to ATC, i.e.,
WLCO or UNABLE tinme differences between Data Link and voice by
GAT and B-727. Figure H 3 presents this information broken down
by each of the possible ATC services. Figure H 4 presents tota
pilot interaction tinme data wth weather services (nessage
creation time + response |atency + nessage processing tine). The
Overall weather - Pilot Response tinme data by Data Link and voice
(by GAT and B-727) are presented in figure H5. Figure H6
presents the GAT individual weather services data. Figure H7
presents the B-727 individual weather services data. The overal
and individual weather services tine data (Average and Standard
deviation) for WK/ ATC for GAT and B-727 are presented in tables
H 3 and H 4, respectfully.

SUBJECTI VE

The subjective data wll be presented in this section. The
guestionnaire was adm nistered to four general aviation pilots
and four airline crews. The nunerical average (AVG and standard
deviation (STD) was cal culated for each rating type answer. The
AVG and STD was cal culated for the GAT group, the B-727 group,
and the conbi nation of groups. The standard rating scale used in
many of the questions is presented in table H5.

The questions, ratings summary, and pilot comrents are presented

bel ow. Each question is preceded by a brief observations
section. Unl ess otherwi se noted, the statistics were conducted
on the conbined group of 12 pilots. Limted sanple size

prevented any tests to conpare the general aviation and airline
pil ot responses.

A Chi-square one sanple test (Statistical Analysis in Psychol ogy
and Education, 2nd Edition, 1966 G A Ferguson, MGawH Il) was
conducted on the data from questions 4, 25-28, and 30. The nul

hypot hesis for all questions was: There is no difference in the
expected nunber of responses in each category, and any observed
differences are nerely chance variations to be expected in a
random sanple from the rectangular distribution where all

frequenci es are equal. All p values were at or below the 0.05
| evel of significance. This would indicate the presence of a
preferred response (Yes-No) wthin the choices. The test

statistics are presented at the end of each question.

A Kol norgorov-Sm rnov one sanple test (Ferguson) was conducted on
the pooled data from questions 1, 9, 12, 13, 17, and 22. The
null hypothesis (for these questions) is that there is no
difference in the expected nunber of responses to each rating
nunber, and any observed differences are nerely chance vari ations
to be expected in a random sanple from the rectangular
distribution where all frequencies are equal. The use of this



test reflects the nature of the data; i.e., rating type data. The
Chi -square test was used with yes-no type data. Table H 6

H 7

DATALINK VS. VOICE
Overall - ATC

12

10

®3 — -
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B-727 DATA LINK VS. VOICE
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TABLE H 3. GAT TI ME DATA (WK AND ATC)
Time in Seconds

Dat a Li nk - Weat her

MCT ST RL MPT
Avg Std Avg Std Avg Std Avg Std
FT 8.2 4.9 15.7 1.7 3.1 0.5 10.9 4.1
FD 8.3 4.6 13.6 0.9 3.4 1.4 8.5 2.6
UA 7.6 4.5 14. 1 1.6 3.9 1.2 10.3 4.1
SA 6.1 2.4 14.5 1.9 3.9 2.2 11.5 3.4
Overal | 7.6 9.1 14.5 1.7 3.6 1.4 10.3 3.6
Voi ce - \Weat her
MCT ST RL MPT
Avg Std Avg Std Avg Std Avg Std
FT 9.4 2.5 21.1 0.2 2.8 0.4 22.4 1.4
FD 7.9 2.1 20.3 1.5 2.3 0.2 13.1 0.8
UA 6.9 2.7 21.2 0.6 3.6 2.0 17.6 1.5
SA 5.0 1.0 18.9 1.7 2.9 0.3 18.4 1.5
Overal | 7.5 2.6 20.4 1.4 2.9 1.1 17.8 .7
Data Link - ATC
RL WUT

Avg  std Avg  std

AA 3.7 0.7 4.9 1.2

FC 3.6 0.4 6.9 1.3

Free Text 3.9 0.7 6.9 2.4

Overal | 3.7 0.6 5.8 1.8

Voi ce - ATC
RL WUT

Avg  std  Ag  Std

AA 8.7 2.1

FC n/a 10. 8 3.0

Free Text 11. 3 4.5

Overal | 9.9 3.1
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TABLE H 4. B-727 TIME DATA (WK AND ATC)

MCT
Avg
FT 5.5
FD 8.3
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TABLE H- 5. STANDARD RATI NG SCALE

St andard Scal e

7 - VERY GOOD, no changes are necessary
6 - GOOD, a few m nor changes are necessary
5 - FAIRLY GOOD, a nunber of m nor changes are necessary
4 - FAIR, both mnor and maj or changes are necessary
3 - FAIRLY POOR, a few mmjor changes are necessary
2 - POOR, a nunber of nmmjor changes are necessary
1 - VERY POOR, a conplete redesign is necessary
TABLE H 6. KOLMORGOROV- SM RNOV TEST RESULTS
Question #l Overall Concepts P Level
Return to MAI N Concept .10 < P <. 15
Question #12 Surface Cbservations
Information Retrieval Tinme P >. 20
Information Clarity .05 < P <10
Return to MAI N Concept P >.20
Ter m nal Forecast
Information Retrieval Tinme .10 < P <. 15
Return to MAI N Concept P >.20
Pi |l ot Report
Armount of I nformation .05 < P <. 10
Return to MAIN .05 < P <. 10
W nd/ Tenp Al oft
Information Retrieval Tinme .05 < P <. 10
Anmount of I nformation .15 < P <. 20
Return to MAI N Concept .15 < P <20
Question #13 Select LOCID s Menu
Menu of LOCID s Concept P >. 20
Time Required to Input/Enter .10 < P <. 15
LOCI D Menu of Location Codes .10 < P <. 15
Question #20 MAIN Menu
Clutter .05 < P <10
Anmount of I nformation .10 < P <. 15
Question #22 LOCI D Menu Lay- out
Rat i ng .05 < P <10
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presents those questions (and factors) in which the observed
| evel s of significance (p values) were greater than 0.05. Al
other factors wthin these questions had observed |evels of
significance less than 0.05; this would indicate a preferred
rating val ue. A further discussion is presented in the
Cbservations Section of each question.

The observed |evel of significance or p value is the probability
(assuming the null were true) of observing a value of the test
statistic that 1is at Jleast as contradictory to the nul

hypot hesi s, and supportive of alternative hypothesis, as the one
conputed fromthe sanple data (Statistics, 1982, J.T. MC ave and

F.H Detrich, Il Dellen Publishing Conpany). Usually, the nul
hypothesis will be rejected if the observed significance level is
less than a fixed significance |evel chosen by the reader. A

comon significance level in the literature is 0.05.

A binom al test (MC ave) was perforned on question 21 (workl oad,
five point scale); ratings of 1, 2 and, 3 were conbined, as were
ratings of 4 and 5. Wth this conbination, the null hypothesis
was than no difference would exist between the 1-2-3 and 4-5
categories. The results of this test are presented in question
21 Cbservations.

ATC SERVI CES.
OBSERVATI ONS.

Altitude Assignnent - On all factors |listed, the average rating
was GOOD (6) or above. The B-727 pilots rated factors slightly
lower with nore variability in the responses. In general, the
comments stress the fact that on-screen data reduces the chance
for error.

Frequency Change - The GAT pilots, in general, rated the factors
hi gher than the B-727 pilots. The ratings were GOOD (6) and
above, except for appearance and anbiguity by B-727 pilots. This
is probably related to their comments on being hard to read the
nunbers and the use of "Contact UDS ..." (a contact was not
actually required).

Overall Concepts - The two factors were rated GOOD (>6) by both
GAT and B-727 wth the exception of "Return to MAIN' concept by
B-727 pilots. These pilots did not like the requirement to
Return to MAIN after a Data Link nessage was received and read.
Their comrents provided potential alternatives to the tested
| ogi c.
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Statistical Results - Al observed p values were at or bel ow the
0.05 level of significance except the "Return to MAIN' concept
whi ch was between 0.10 and O.15. The test indicates that the
pilots had a preferred response on each factor (except "Return to
MAI N'") . In nost cases this rating was a "6" or "GOOD." A few
m nor changes are necessary.

Question 1. For each of the two ATC services, rate the foll ow ng
factors associated with the format. Use the standard scale
provided in nmaking responses and circle the appropriate nunber.
Pl ease comment in the area provided (use the back of this page if
necessary).

Al titude Assi gnnent

GAT B- 727 Overal l

Avg  std  Ag Std  Ag  std
Appear ance 6. 25 0. 96 6. 25 1.17 6. 25 1.06
Clutter 6.5 1.0 6.0 1.2 6. 17 1.11
Amount of
i nformation 7.0 0.0 6. 38 1.16 6. 58 0.9
Information clarity 6.25 0.5 6. 25 1.39 6. 25 1.14
Anmbi gui ty 6. 75 0.5 6. 63 1.06 6. 67 0. 89
Time to interpret 6.5 1.0 6. 25 1.04 6. 63 0. 98
Comment s:
GAT Pil ots
#1 | believe the first three lines could be conpressed,
requiring less reading; for instance:

Al titude Al titude

® ®

16.4 7.3
#2 \When altinmeter setting is "mssing," it should be spelled out

i nstead of just -M.
#4 Use of gold lettering instead of green, not as hard on eyes.

B-727 Pilots

#1 Altitude assignnents were easy to read and under st and.

#2 G ven by phone to Al Rehmann at Tech Center



#4 Altitude Assignnent very good--nice to see it in print--no
chances for mstake. In contrast, on last run, no Data Link, one
al titude assignnment was m sread!

H 20
#6 For an inportant item of information such as altitude change,
| think the less data on the screen the better, i.e., only new

altitude on the screen or only new altitude and clinb or descend

#8 Much cl earer than voi ce.

Frequency Change/ Sector Hand- O f

GAT B- 727 Overal l

Aig  Std  Avg std  Avg std
Appear ance 6. 25 0. 96 5. 88 1.13 6.0 1.04
Clutter 6. 25 0. 96 6.0 1.07 6. 08 1.0
Amount of
i nformation 7.0 0.0 6.13 0. 99 6. 42 0.90
Information clarity 6.5 0. 58 6.5 1. 07 6.5 0. 90
Anmbi gui ty 7.0 0.0 5.5 1.69 6.0 1.54
Time to interpret 6. 25 0. 96 6.0 1.6 6. 08 1.38
Comment s:
GAT Pilots:

#1 Once again, too many words to read.

#2 Having current plus new frequency can elimnate errors by
pi |l ot m sunderstandi ng new frequency or forgetting old frequency.

#4 Sane as above (AA comment).
B-727 Pilots

#1 Cear and easy to understand. Especially like the recal
feature.

#4 The nunbers are just a bit hard to read. Had to |ook tw ce
to make sure.

#7 Do not use the word "contact” as this inplies a radio call to
center is required. Mybe use words like "switch to" or "change
to" when conmandi ng a frequency change.

#8 Much cl earer than voi ce.
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Overall Concepts

GAT B- 727 Overal |

Avg Std Avg Std Avg Std
W LCO' UNABLE concept 6. 25 0.5 6.29 1.5 6. 27 1.19
Return to Main concept 6.25 0.5 5.14 1.77 5.55 1.51
Comrent s:
GAT Pilots
None
B-727 Pilots
#l | saw no specific reason to return to MAIN. If this is

necessary, perhaps it could "revert"” to Main after delay tine.

#3 Three attenpts were nade to secure WK information for ACY
with no response.

#4 Not sure that | want to return to Min, except for this
exerci se.

#7 | recommend |eaving last altitude assignment show ng on
screen. It is providing useful information. Looking at MAIN

menu has no benefit.

#8 Should return to "whatever" after W LCO?

AUDI TORY ANNUNCI ATl ON.

OBSERVATI ONS. In general, all pilots were satisfied with the
audi tory annunci ation of incom ng ATC Data Link nessages. Two B-
727 pilots provided a MAYBE response and expressed concerns with
(a) high workload situations, and (b) the startling effect the
tone had. O her conmments were made concerning the tone in a real
cockpit, mssing the tones, and nunber of tones in the present
cockpit.

Question 2. The ATC services in this evaluation were ground
initiated. Gven the fact that other tasks were required of you
in addition to using the Data Link system were you satisfied
with the auditory annunciation of an incomng ATC service? |If
not, explain your dissatisfaction.
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Yes 1,2,3,4 1,3,4,5,7,8,
No
Maybe 2,6
Comrent s:
GAT Pilots
# 1'ma little concerned that they m ght not be heard in areal
cockpit.

#2 \What happens if pilot msses first beeps because of other
tasks and does not include the display in his scan?

B-727 Pilots

#|  The only problens | encountered had to do with volune |evels
in the sinmulator (727). There were no ATC audi o probl ens.

#2 \Wien workload high, difficult for pilot flying to stay in
i nformati on | oop.

#3 The auditory warni ng was adequate with the cockpit noise
| evel .

#4 OK for this experinent, it was a good ear-catcher. But there
are already too many bells and whistles in the cockpit. Now cones
TCAS (Traffic Alert and Collision Avoidance System chirp and DL
Di ng Dong. Maybe flashing screen or light will suffice.

#6 It was a bit startling. Perhaps a spectrum of three
different noises for different nessages could be useful.

VI SUAL ANNUNCI ATI ON.

OBSERVATI ONS. The vi sual annunciation of ATC Data Link nessages
was consi dered acceptable. Two pilots provided a MAYBE response.
One suggested flashing the entire screen and providing Master
Caution--like 1light. The other pilot suggested a change in
t er m nol ogy. Concerning automatic appearance of ATC nessages,
the pilots were negative. Four pilots provided a MAYBE response,
but did not provide sufficient conmments to nmake a judgnment here.

Question 3. An incom ng ATC nessage was vi sually annunci ated by
flashing "TOUCH FOR ATC MESSAGE' at the bottom of the screen
Was this operation | ogic acceptabl e?
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GAT B- 727

Yes 2,3, 4 2,3,4,5,6,7,8
No
Maybe 1 1
Coment s:
GAT Pilots

#l Probably flashing the whole screen as well as sonme sort of
master light simlar to a master caution light would be an
appropri ate nessage.

#2 Sonething flashing may catch pilot's eye, even if tone is
m ssed Sound/ W LCO' Maybe Read.

B-727 Pilots

# \While this is OK | don't have to be told to "touch"; perhaps
"message" or "clearance" would be acceptabl e.

#3 After the auditory warning.
#4 Accepted as good.

O, for exanple, should the ATC nessage autonatically appear?

GAT B- 727

Yes

No 1 1,3,4,5,6,7,8

Maybe 2,3, 4 2
Comrent s:
GAT Pilots
#l If you are reading a nessage, you mght want to finish it
first.

#2 |f ATC nessage automatically appeared, it should flash until
pil ot WLCO s/ UNABLE' s. However, by maeking pilot touch screen for
nmessage, they do not get into reflex of Bell sound/ WI co/ Maybe -
Read.

#3 If it were flashing and al so had the audi bl e indication.
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B-727 Pilots

#1 Automatic delivery would be too easy to neglect or mss
al t oget her. A nessage alert with appropriate crew acceptance
shoul d be required.

#3 Any nmessage should follow some sort of getting.

#4 Maybe | am just |ooking at a WK page and want to copy that
first; or just want to take extra tinme before |I am ready--but
would i ke to examine this later.

#5 Pilot should be given the option.

#6 There mght be something on the screen that | need at the
tinme that it (the ATC nessage) woul d cone on.

#8 Some pilot action should be necessary to further substantiate
t he nmessage.

TERM NOLOGY.

OBSERVATI ONS. The W LCO UNABLE choices were understood by all
pilots. The term nol ogy was acceptable by all pilots except two.
Thi s dissatisfaction centered on the use of the word "Contact..."
(in a frequency change) when a contact was not required. "WLCO
means "Roger" according to one pilot, but he indicated that,
either way, there was no problem The test statistic p value

indicates a preferred choice, i.e., YES for both, part A and B
Question 4. After an ATC nessage was transmitted, you were
required to nmake either a WLCO or UNABLE response. D d you:
GAT
Yes No

(a) Fully understand the choi ces as

present ed 1,2,3,4
(b) Find the term nol ogy acceptabl e 1,2,3,4

I f not, specify a or b, and explain your dissatisfaction.
None
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B- 727

(a) Fully understand the choices as presented

(b) Find the term nol ogy acceptabl e ,3,4,6,7,8 2,5
I f not, specify a or b, and explain your dissatisfaction.
#1 You nmay use any phraseology you wsh, but "WLCO" as

understand it, nmeans "Roger." No probl em here.
#2 Call ATC was not displ ayed.

#4 This is a good way to acknowl edge a nessage understood and
wi |l conply or UNABLE

#5 When Center told us to change a frequency, it said to
contact, which to us neans to talk to. It should say nonitor or
change frequency.

The Chi-square test yielded significance levels as follows for
the differences between Yes and No answers.

4a. Chi-square
4b. Chi-square

12.0 p < .01
5.33 p < .01

LOG C OPTI ONS.

OBSERVATI ONS. The "SENT" indication after a WLCO or UNABLE was
considered desirable by alnost all of the pilots. There were
three MAYBE responses. One pilot stated that if the logic was
such that WLCO UNABLE did not disappear wuntil the system
accepted the "SENT" command, the display of "SENT" would be
unnecessary. In general, a confirmation that the system accepted
the input was considered necessary. The tested system did not
di splay "SENT" for a | ong enough period of tine.

Question 5. After WLCO or UNABLE, a nessage flashed near the

bottom of the screen "SENT." Is this a desirable option? Please
coment .
GAT B- 727
Yes 1,3 1,2,3,4,5,7,8
No
Maybe 2,4 6
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Coment s:
GAT Pilots

#|  Absolutely necessary. Just |ike ATC wants confirmation of the
pilot transmtting the nmessage, so does the pilot need to know it
was sent. The "SENT" nessage stayed on the screen for too short a
time. That is true for the WK portion too.

#2 Not really necessary. After the Message WLCO UNABLE was
sent, those two words disappeared and the MAIN option appeared.
The length of tinme "SENT" appeared on the screen was very short.
If logic was witten to prevent clearing WLCO UNABLE unti
message sent, then this flasher woul d not be needed.

#3 Sone neans i s necessary to assure the pilot that his response
was sent.

#4 Sonmething definitely has to appear letting the pilot know the
reply was transmtt ed.

B-727 Pilots

#l It indicates to the user that his action has been sent.

#2 Needed as confirmation

#3 There is a need for confirmation

#4 N ce to know acknow edgnment was sent. If this is recorded on
each flight, it mght be used to prevent any controversy later if
a flight conflict results.

#6 | find the logic of a second step, i.e., press SENT, to be
nonconsi stent with the typical one-step response.

#7 However, | would |leave the word "SENT" on the screen just in
case sonething else happened that instant and you couldn't
remenber whether or not you sent it.

#8 It really is nice to know.

ATC Message Logi c Options

Havi ng the ATC nessage remain on screen after WLCO or UNABLE was
desired by all pilots but one. This pilot's coment was, "An
unnecessary notion." It is assuned the coment refers to the
Return to MAIN step. This option was described as, "very
desirable, reinforces nessage, .can be |ooked at as often as
necessary, etc."
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Question 6. After WLCO or UNABLE, the ATC nessage renmai ned

until you touched MAIN. Is this a desirable option? Please
conment .
GAT B- 727

Yes 1,2,3,4 1,2,3,5,6,7,8

No 4

Maybe
Comrent s:
GAT Pilots

#1 You mght be ready to conply, but maybe "data dunmp" the
frequency or altitude.

#2 Reinforces nessage. If pilot unsure of altitude or heading
allows themto reverify.

#3 \Very desirable. In voice comunication, you nust give this
operation imedi ate attention so as not to forget the

message. Wth this Data Link format, the nmachine renenbers for
you .

#4 It gives the pilot the option when to clear that nessage.

B-727 Pilots

#1  The message can be | ooked at as often as necessary. This is
good, especially for winds aloft and other WK dat a.

#2 Pilot flying mght not get to see it otherwi se (especially in
hi gh wor kl oad) .

#3 This is very desirable to avoid m st akes.
#4 An unnecessary noti on.
#8 Wiy is it necessary to go to MAINto receive a new nessage? |

like to see ny current clearance in front of ne.

REQUEST CAPABI LI TY OPTI O\

OBSERVATIONS. Most all pilots want to be able to request a
different altitude. About half want a frequency change request
option. The coments provide justifications for desiring the
request option, e.g., icing, turbulence. The pilots also nade
suggestions for other ATC service request options that woul d be
desirabl e.
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Question 7. Al ATC services (in this evaluation) were ground
initiated. Do you feel a need to have a request capability for
either of the two ATC services?

Request capability desired for: Crcle your choice(s)

Al titude Frequency
Assi gnnent Change
GAT 2,3, 4 3,4
B- 727 1,2,3,4,5,6,7,8 1,4,5,8
Comrent s:
GAT Pilots
# If it is for confirmation of assignnent, no, | don't need it
because it is in nmessage recall. However, if | was given a
ver bal assignnment and needed to recall it, as long as the ground

facility put it in the conputer, then | could get it via Data
Link. N ce option.

#2 May want to request different altitude for w nds, turbul ence.
Mar gi nal call, because if icing or turbulence is too high, pilot
shoul d make PI REP and REQ Al titude Change.

#3 Pilot should be able to request altitude change and what
altitude he wants. Same with frequency changes, particularly
with WK

#4 Yes, if a system could be designed for the pilot to request
these itens. However, it nmay be quicker just to use the radio.

B-727 Pilots

#l Not really necessary; voice conmunication can be used for
sone things. The nice aspect of Data Link is its ability to cut
down on, or elimnate, the oversaturation of verbiage.

#2 Necessary by voice or Data Link

#3 There is frequently a need for altitude change due to
t ur bul ence or WX condi ti ons.

#4 "O Just About Anything." | feel defenseless and can't fight
back! The capability for two-way comrunication is a mnust! I
m ght have an wurgent need to do sonmething Ilike deviating

t hunderstorm getting out of turbul ence, etc.



#5 Al 'so ground control and cl earance.

#6 Also other capabilities, 1i.e., (1) new heading for
t hunder storm avoi dance, (2) new routing, (3) new airspeed for
t ur bul ence.
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#7 Wuld be nice to request a different altitude using this
syst em

#8 (He adds and circles) Speed, Heading, Anything.

TI ME REQUI REMENTS.

OBSERVATI ONS. For both altitude assignnents and frequency
changes, the tinme one diverts from flying to operate Data Link
was consi dered acceptable (or mninmal). No excessive responses
were nmade; one "Depends" response was nade. The "Depends”
response was qualified by the comment that verbal comands may be
qui cker in certain situations, e.g., instrunment conditions or
approach to a busy airport. One pilot stated that voice
communi cations also require diversion from flying (to the sane
extent as Data Link) and that, overall, Data Link is superior to

witing clearances, etc.

Question 8. The Data Link system as inplenmented will require
one to divert tine/attention from the flying task. For each
servi ce, state whether the time required was: m ni mal ,
acceptable, or excessive or Depends on ...? Crcle the
appropriate response for each service. Pl ease comment on those
services requiring excessive tine and/or, if necessary, discuss

t he depends on ...

Al titude Assignnent M ni mal Accept abl e Excessi ve Depends

GAT 2,3,4

B- 727 1,2,4,8 3,5,6,7

Frequency Change M ni mal Accept abl e Excessi ve Depends
GAT 2 3,4 1

B- 727 8 1,2,3,4,5,6,7

Comrent s:

GAT Pilots

#1 In an intense environnent (i.e., Instrunment Meteorologica
Condi ti ons on an approach to a busy airport), a verbal condition
woul d be quicker to decipher. However, there may be ways to
overconme it. A shorter command as presented in question 1, and

maybe a W LCO UNABLE button on the yoke or throttle.

#2 Single pilot IFR frequency change probably source of too nuch
traffic because pilot not anticipating correct frequency or does
not have pen in hand to copy new frequency.
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B-727 Pilots

#l  One nust realize that voice comunication requires diversion
from the flying task to practically the same extent as
mani pul ati on of Data Link. Overall, Data Link is superior to
jotting notes for ATC cl earances and frequency changes.

#2 Atitude assignnent is critical for safety and legality. |If
mssed by pilot flying, it could cause a critical situation.
Sonehow the communication of this information wthin the
operating crew should be acconplished so there is no doubt that
information i s understood and acted upon.

#3 The |l ocation of the display nmust be such that response can be
made w thout undue effort by the pilot, particularly for single
pil ot operator.

#4 (for AA) Like very nuch.

(for FC Wth exception of poor readability on ny part,
attention requirenments were mni mal .
#5 Anytinme you have excessive workload, the flying task suffers.
#6 Coul d be excessive if one crew nenber sees the nessage then
cancels it before the other Crew Menber see it, thus pronpting
the second Crew Menber to ask for the nessage to be recall ed.

#8 Not once did anyone ask what did he or she say. It is very
cl ear.
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OVERALL ATC DESI GN

OBSERVATI ONS.

The ATC-Data Link overall design was rated FAIRLY GOCD to GOCD
i.e., a nunber of m nor changes are necessary. The comments were
very positive, e.g., ...better than | thought it would be at this
stage of developnent,"” "like the Data Link just the way it is."
Changes suggested dealt wth term nology, nunber of services,
information flow rates, etc. The observed |evel of significance

was | ess than 0.05 suggesting a preferred rating, i.e., "5," or
"Fairly Good," a nunber of mnor changes are necessary.

Question 9. | nproper/inconplete system designs can result in
pilot errors. Overall, how would you rate this Data Link system
- ATC services design. Use the standard scale provided. |If you
f eel design problens exist, specify the areas you find
unsati sfactory, i.e., where the potential for errors is nost
preval ent . Pl ease provide your suggestions on how we m ght

redesi gn the systemto overcone these probl ens.

System Design - ATC Rati ng

GAT B- 727 Over al |
Avg  Std Avg  Std Avg Std
5.5 1.0 5. 38 0.92 5.42 .90

Probl em ar eas/ suggesti ons:
GAT Pilots

#1 The concept is great. The evaluation is a good start.
Addition of services available needs to be evaluated, and
approach and departure (i.e., high intensity) control evaluations
are necessary.

B-727 Pilots

#1 The pilot flying (PF) does not "hear" clearances from ATC
directly. The pilot-not-flying (PNF) operating the Data Link
termnal nust relay altitude, heading, and routing clearances to
the PF. In a relaxed operating environnent, this isn't a
problem Maybe it is or is not a problemin a high workload. |
woul d need nore experience wth the system to offer a valid
opi ni on.

#2 Phone conversation with Al Rehmann, et al. on 4/ 20/ 89.



#3 Messages received rate a 7. Information requested rate nuch
|ower. There is too nmuch delay after requesting
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information, before assurance is received that the systemis in
pr ocess. This applies primarily to Wather Information
request ed.
#4 Like this system very nuch. | like to see the recall of

messages received (and W LCCed).

#5 | really like the Data Link just the way it is, except for
the frequency change. You nust distinguish between nonitor and
tal k/ cont act .

#6 The followi ng areas could be questioned: The lack of hi-tech
features, i.e., flashing lights (LED), horns, and whistles. For
exanpl e, say the ATC nessage cones on the screen. It could flash
until one crew nenber acknow edged it and then go to steady.
Then when the second crew nmenber touched it or acknow edged it,
the light or MSG could go out. | think a real limt in this
system is what occurs when one crew nenber sees the MG
acknow edges it, and then erases it before the second crew nenber
sees it or absorbs it.

#7 \VWen listing nessages received, list nost current at bottom
Do not list them as now, where they are not in chronol ogica
or der.

#8 It is much better than | thought it would be at this stage of
devel opnent . Pilot should be able to initiate calls. Tower and
Ground Control nust be able to use this or simlar system
especially high density airports, e.g., ORD, ATL, SFO LAX, JFK
etc.

SUGGESTED SERVI CES.

OBSERVATI ONS. The pilots made nunerous suggestions on ATC
services to be part of future Data Link designs. A few of these
were headi ng information, various clearances, and "any clearance
that ground, tower, departure, approach, or Ar Route Traffic
Control Center (ARTCC) controller can give now over voice should
be able to do visually" (Data Link).

Question 10. The design of a major systemnornmally goes through
numerous iterations. What ATC services would you consider an
absolute requirement in future designs and/or as part of
operational systens?



Suggest ed Servi ces:
GAT Pilots
# WK map and/or ground radar. Amended clearances in a conbined
map/ al phanuneric form Heading information. A listing
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in colum formof alt, headings, and frequencies (Say, naybe, the
previous four listed). Turbulence, icing, thunderstorm SIGVETS
i nformation.

#2 Cearance delivery or at |east squawk, departure, initial
al titude, reading.

#3 Cearance display for referral
#4 G ound speed requests.

B-727 Pilots

#1 | see no reason why all services cannot be included in the
Dat a Link system

#2 WK Warnings--Shear, Cear Ar Turbulence (CAT), M croburst,
Thunder st or s, major wnd gusts (changes) --  Operation
restrictions.

#3 Altitude change requests.

#4 Traffic advisory and crew acknow edgnent. Traffic in sight
or no contact. O her ATC Advisories--Change in AIS, change in
clinb or descent rates. Deviations fromroute as cl eared.

#5 Need to add ground and ATC cl earance control.

#6 At Assign, Hdg Assign, Route Assign.

#7 (1) Crossing altitudes at specific Distance Measuring
Equi prrent (DVE's), (2) Known traffic del ays.

#8 Crossing altitude restrictions, holding clearances. Any

cl earance that ground, tower, departure, approach or ARTCC can
gi ve now over voice should be able to do visually.
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UNWANTED SERVI CES.

OBSERVATI ONS. The nunber of services that should not be part of
Data Link were mninmal; exanples are energency calls and traffic
i nformati on. One pilot wanted energency information by both
voi ce and Data Link.

Question 11. \What ATC services, if any, should not be part of
the Data Link systen?

GAT Pilots

#1 Emergency calls unless they were a backup to voice. Traffic
cal | s. You don't want your head inside the A/C when there is
traffic close by.

B-727 Pilots

#1 None really.
#3 Course deviation for WK, traffic information.

#5 In an enmergency, | would want it transmtted, both via Data
Li nk and verbal .

#6 O her traffic |ocation(s)

#8 He should not be able to renotely control any airplane
t hrough the Auto-pilot.

|f there are any other comments you woul d
W sh to express on the ATC portion of the
Data Link system use this page and the back.

GAT Pilots

#3 | would like to see the nessage list function as a scroll
rat her than excess information starting at top again.

#4 Possibly to let you know if you're in sequence behind anot her
aircraft.

B-727 Pilots
#1 M only request would be positive verification between flight
and ATC regardi ng cl earance accept ance.

#3 (1) The use of Data Link would decrease the possibility of
m sunder st andi ng nessages between pilots and controllers.



(2) For routes that require position reports (as over
ocean), it would greatly decrease pilot and controller workl oad.
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(3) It makes acquisition of WK information nmuch easier than
the present system

#4 | would be the last one to lose the "party line." | like the
chatter, the quips, ATC adnonitions, and mainly "How goes it"
ahead of wus, especially during the descent and approach phase.
Tur bul ence levels, good ride levels, wndshear on final, good
area of passage between thunderstorns, flights that mssed on
approach ahead of us--all those nice things I am UNABLE to | ose
thanks to Data Link. But that's probably inevitable and the way
of progress.

#6 | believe the ATC portion of the Data Link should strive
toward becom ng a true two-way comruni cating system for exchange
of as nmuch systeminformation as possible.

#8 Let's all work to get this in the system as soon as possible.
| believe it is nmuch safer than voice.

WEATHER SERVI CES.

OBSERVATI ONS. This question dealt with the four Wather Service
formats. FEight factors are listed for each service. In general
all average ratings were FAIRLY GOOD or above. The standard
deviation was fairly high, indicating a wder range of ratings.
The "Return to MAIN' concept was rated |owest in nobst cases.
Amount of information on surface observations and term nal
forecasts was rated |ower by GAT pilots. The B-727 pilots rated
anopunt of information (Wnds/ Tenp) |ow. Several comrents were
made by the pilots concerning general format, content, anount
of information, and | ogic.

STATI STI CAL RESULTS. Al observed p values were at or bel ow the
0.05 level of significance (except those noted in table H6),
t hus, suggesting a preferred rating. This rating was
predom nately in "5" or "FAIRLY GOCD. "

Question 12. Rate the format of each of the four weather
services on the followng factors. Use the standard scale in
maki ng responses and circle the appropriate nunber. Pl ease

comment on each service as needed on the bottom of the next page
(use the back of this page if necessary).
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Sur f ace Cbservations

GAT B-727 Overal |
Avg  Std  Avg  Std  Avg Std
Appear ance 5.5 1.0 5. 88 0. 99 5.75 0.9
Information retrieval
time 4. 75 1.89 5.13 1.46 5.0 1.54
Clutter 5.0 1.41 55 1.69 5.33 1.56
Information clarity 5.0 1.41 5.75 1.28 5.5 1.31
Anmpunt of infornmation 50 2.0 5.75 0. 89 5.5 1.31
Anmbi gui ty 6.0 0.82 55 1.2 5.67 1.07
Time or valid tines
concept 6.5 0. 58 5. 88 0. 64 6. 08 0. 67
"Return to MAIN' concept 6. 25 0. 96 4.5 2.14 5.08 1.98
Term nal Forecast
GAT B-727 Overal |
Avg  Std  Avg  Std  Avg Std
Appear ance 5.5 1.0 5. 88 0. 99 5.75 0.97
I nformation retrieval
time 50 2.0 5.25 1.67 5.17 1.7
Clutter 5.25 1.5 55 1.41 5.42 1. 38
Information clarity 5.5 1.73 5.75 1.04 5.67 1.23
Anmpunt of infornmation 4,75 2. 06 55 0. 93 5.25 1. 36
Anmbi gui ty 6. 25 0. 96 5.38 1.3 5.67 1.23
Time or valid tines
concept 6. 25 0.5 5. 88 0. 64 6.0 0.60
"Return to MAIN'
concept 6. 25 0. 96 4.5 2.14 5.08 1.98
Pl REP
GAT B-727* Overal |
Avg  std  Avg  Std  Avg sStd
Appear ance 6. 25 0. 96 6.5 0. 58 6.38 0.74
I nformation retrieval
time 5.25 2.22 55 2.38 5.38 2.13
Clutter 55 1.73 6.5 0.58 6.0 1.31
Information clarity 5.5 1.73 6.5 0. 58 6.0 1.31
Anpunt of infornmation 5.25 0. 96 5.75 1.26 55 1.07
Anmbi gui ty 6. 25 0. 96 5.75 1.26 6.0 1.07
Time or valid tines
concept 6. 75 0.5 6.0 0. 82 6.38 0.74
"Return to MAIN'
concept 6. 25 0. 96 5.25 1.71 5.75 1. 39

*Based on four responses (two crews did not view PIREP due to
techni cal problem
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W nd/ Tenp Al oft

GAT B-727* Overal l

Avg  std  Ayg  Std  Ag std
Appear ance 6.5 1.0 6.0 1.10 6.2 1.03
I nformation retrieval
tinme 5.75 2.5 5. 33 1.86 5.5 2.01
Clutter 6.0 2.0 6.0 1.10 6.0 1.41
Info clarity (DI R-VEL
TEMP) 6. 25 1.5 5.0 2.0 5.5 1.84
Amount of info (3 Alt.) 6.5 1.0 4. 67 1.63 5.4 1.65
Anmbi gui ty 6.5 1.0 5. 67 1.37 6.0 1.25
Time or valid tines
concept 6. 75 0.5 5. 83 0.75 6.2 0.79
"Return to MAIN'
concept 6.5 1.0 4. 67 1.63 5.67 1.5
*Based on six responses.
Comment s:

Surface Cbservations

GAT Pilots
#1 | believe sone jets figure their T/O data on Press At or
Density At.

#2 Dividing sky line so that visibility has a line of its own
woul d make information a little easier/faster to interpret.

B-727 Pilots

#1 Standard W« Bureau i nformation.

#4 For destination, | would like to see nore infornmation--
probably sanme as on | atest.

#5 (ood.

#6. Format of the WK report is a bit different fromthat which
am used to seeing.

#7 \When requesting weather, after pressing desired station, why
hit “Send”? Seens |ike an extra step.



#8 Again, why use the lower portion to signal pilots? Pilot
parenthesis the “Return to MAIN concept and wites “Pilot

Option.” Use simlar format that we see from National Wather
Services. Made up acronyns; | HATE them
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Ter m nal For ecast

GAT Pilots

#1 The addition of forecast wnds, outside air tenp, and
altimeter would be nice.

#4 Shoul d al so include projected visibilities.

B-727 Pilots

#1 Standard WK Bureau i nformation.

#4 OVC 5 mles is not enough information. Need to know ceiling.
#5 (Good.

#6 Too nuch information and not in exactly the fornmat I am used
to seeing in the various formats | see in weather offices. You
could allow the forecast for all the tinme periods that are "post"
(ago) to drop off the screen so that all that would be show ng
woul d be present and future.

#7 Sanme as before.

#8 Sanme coments as before.

Pl REP

GAT Pilots

#1 A comments section that mght include turbulence, cloud
| ayers, etc., would be hel pful.

#2 |f nore than one PIREP, how are others displayed? Are they
queried, or is only the nost recent displayed?

B-727 Pilots

#1 UNABLE to answer Pl REP. We received no PIREPS on any Data
Li nk run.



#2 Got none.

#4 Good useful information such as icing levels, turbulence,
t hunderstorm activity

#5 (Good.

#7 Same as before.
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W nd/ Tenp Al of t

GAT Pilots

#1 (Good.

#2 Very clear, easy to interpret display. Al reports should
have the option of returning to the request stage rather than al
the way back to Main Menu

#3 (Ceneral Comment for all WK Products) Al of them take too
| ong. Also, don't need touch for W Just display the
information foll ow ng an audi bl e al arm

#4 (FD s) Good.

B-727 Pilots

#1 Wuld like altitudes for every 2,000 ft from 18, 000-41, 000.

#2 Here is an opportunity to add comments based on conputer
nodel i ng. For exanple, if there is a large wind direction or
vel ocity change between altitudes, a note or warning could be
given for a specific area. The note could be, e.g., expect 50%
possibility CAT between FL 250 and FL 280 within 50 nm of (Fix)
or (Coordinate), expected intensity--Ilight.

#3 (Remarks apply to all) The presentation requires considerable
effort to read when |engthy nessages are presented. The
| etters/ nunbers produce a sort of halo that is difficult to see
t hrough. Short nessages are no problem The retrieval time for
requested nessages is too long and one is not always sure the
request i s being processed.

#4 Good information, but would like to be able to request other
| evel s as needed. (Need to look at other levels than the three
presented.)



#5 Need nore altitudes. Three is good, but nore would be
better.

#6 | would like the ability to request Wnd/ Tenp aloft "AT F/L
330 Only" (for exanple).

#7 Same as before. Wiy show | ast station queried on MAIN nmenu?
It tells us nothing useful.

#8 (Use real words, no acronyns or made up abbreviations.) This
applies to all formats.
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LOCI D MENU DESI G\.

OBSERVATI ONS. The LOCID nenu factors were, in general, rated
hi gher by GAT pilots than B-727 pilots. The nenu of LOCI D codes
was rated FAIR by both groups. The conmments centered on actua
i npl ementation, nunber of LOCID s, anmbiguity of LOCID codes, etc.
The LOCI D nmenu concept and tinme to input factors were rated | ower
by B-727 pilots.

STATI STI CAL RESULTS. The factor "Menu of LOCI DS concept"™ had an
observed p value greater than 0.20. This indicates a variety of
ratings from the pilots. Simlarly, the "Tine Required..." and
"LOCID nenu..." faster had observed p value between 0.10 and
0.15. Al other factors had p values at or below 0.05 indicating
a Preferred response.

Question 13. The weather services required you to select a
| ocation identifier (LOCID) (e.g., LAX or SAT) from the LOC D
menu, depress enter and wait in the LOCID nenu while the service
i nfo was gat hered. The LOCID nenu displayed the |ocation code
you had entered. Rate the design concepts on the follow ng
factors. Use the standard scale in naking responses and circle
the appropriate nunber. Please conmment in the area provided (use
the back of this page if necessary).

GAT B- 727 Overal |

Avg  Std  Avg  std Avg  Std
Menu of LOCID s
concept 5.0 1.41 4.5 1.85 4. 67 1.67
Tinme required to
i nput/enter 5.5 1.0 4.86 1.35 5.09 1.22
Possibility for
error 5.75 0.96 5.57 1.27 5.64 1.12
No. of "keystrokes" 5.0 0. 82 5.71 0.95 5.45 0.93
LOCI D nmenu of
| ocati on codes 4.75 1.89 4.5 0.55 4.6 1.17
LOCI D remai ni ng on
f or mat 6.0 1.0 5.0 1.22 5.38 1.19
(to request another service at the sane | ocation)
Comment s:
GAT Pilots
#1  Concept is OK, but how will it be progranmed? The tine to enter
is no problem Possibility for error is low at least with nmny

fingers. Nunmber of keystrokes m ght be reduced by changing "Send" to
"Correction.”



#2 This is an area where both concepts could be used. A nmenu of
LOCID s for the | ocal area and the keyboard for distant places.
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#3 Could not possibly list all potential LOCID s. Some neans is
necessary for pilot to enter LOCID s.

#4 There's always a possibility for error using the touch type
pad. Tur bul ence could make it very difficult to select the
correct pad the first tine.

B-727 Pilots

#1 This systemis really pretty good. Maybe the display could
be cleaned up just a bit, but overall it's acceptable. | don't
think many errors would come fromthis; besides, they're easy to
catch shoul d they occur.

#2 Since there is no airport menu, it is possible not to know
an identifier or to enter the wong identifier (when not in the
on-screen nenu). This could lead to getting weather for one
| ocati on which you believe to be from anot her.

#3 The LOCID s concept is good. However, there should be
capability to type in or request stations that may not be |isted.
Time required to obtain informati on seens excessive. The nunber
of keystrokes could be reduced.

#4 Not bad system and fairly easy to use, but | believe that a
qui ck/ sl ow scroll through all identifiers in a data base would be
| ess prone to error (such systemexists in NAV STAR- |, LORAN- C).

#5 The only problemwith this format is, let's say you have an
energency and have to divert to sone place not on the LOCID s
nmenu. It would be nice to put in what station we want weather
for.

#6 Once | have selected the location from the LOCI D nenu, the
request should be sent rather than having nme then press the sent
but t on.

#7 Seens |ike the keyboard concept would add versatility to
system w thout cluttering screen.

#8 | should be able to type in information as to what | want.

LOG C OPTI ONS.

OBSERVATI ONS. The "SENT" nessage after touching SEND was
considered a very desirable option. he confirmation it provides
that the system is working is critical. The length of tinme

"SENT" appears was too short. Using the word "WAI TI NG'
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in addition to "SENT" was suggested. The requirenment to touch
"SEND' was consi dered an unnecessary extra step by one pilot.

Question 14. After selecting a location identifier and touching
"SEND, " a nessage flashed near the bottom of the screen "SENT."
Is this a desirable option? Please comment.

GAT B- 727
Yes 1,2,3,4 1,2,3,4,5,7,8
No 6
Maybe
Coment s:
GAT Pilots

#l However, it stayed on the screen for too short of a tine.
Consequently, | went back to the MAIN nenu to look for the
gquestion mark.

#2 Since the systemwaits for the information to be returned, a
"SENT," and possibly a "WAI TI NG' nessage are hel pful.

#4 Again, there has to be sonme way the pilot knows his request
has been sent.

B-727 Pilots

#1 At | east you know the systemis attenpting to retrieve your
i nformati on.

#2 Necessary confirmation.

#3 To assure nessage went out.

#4 Definitely.

#6 It's an extra step that should be elim nated.

#7 Do not need "SEND' button. Pushing Station ID should send it
AUTO. "SENT" should remain on screen

#8 Very nuch.

The logic in which weather information remains on screen unti
pilot input was considered very desirable. The ability to read
the message nore than once and/or copy it onto paper is
necessary.
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Question 15. After the weather information is displayed, the
message remained until you touched nmain. Is this a desirable
option? Please comment.

GAT B- 727
Yes 1,2,3,4 1,2,3,4,5,6,7,8
No
Maybe
Comment s:
GAT Pilots
#2 Option should be added to go back and request sone

information (product) from another |ocation.
#3 Pilot may want to refer to it between other chores.

B-727 Pilots

#1 Pl ease see comments in question 1, Overall Concepts.

#3 Any nessage should remain until the pilot has understood and
released it.

#4 Want to see it and copy it.
#6 WK has to be read nmore than once to assinm| ate.

TI ME REQUI REMENTS.

OBSERVATI ONS. For all weather services, the tine diverted from
the flying task was considered acceptable by nost. One B-727
pilot indicated both mniml and acceptable. One B-727 pilot
felt all services required excessive tinme because of historic
data that provides no information.

Question 16. The Data Link system as inplenmented wll require
one to divert tine/attention from the flying task. For each
service, state whether the tinme required was: m ni mal ,
accept abl e, or excessive or depends on ...? Crcle the
appropriate response for each service. Pl ease comment on those
services requiring excessive tine and/or, if necessary, discuss
t he depends on ...
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Surface Observation M ni mal Accept abl e Excessi ve Depends

GAT 1,2,3,4

B- 727 5,8 1,2,3,4,7,8 6

Ter m nal Forecast M ni mal Accept abl e Excessi ve Depends
GAT 1,2,3,4

B- 727 5,8 1,2,3,4,7,8 6

Pil ot reports M ni mal Accept abl e Excessi ve Depends
GAT 1,2,3,4

B- 727 5,8 1,2,4,7,8 3,6

W nds/ Tenp al of t M ni mal Accept abl e Excessi ve Depends
GAT 2 1,3,4

B- 727 5,8 1,3,4,7,8 2,6

*B-727 #8 Chose both m nimal and acceptable for all services.
Comment s:
GAT Pilots

#3 Al though acceptable, an inproved format and qui cker response
woul d greatly inprove the service.

B-727 Pilots

#l  When one turns a frequency to request information and then
listens and wites that information, time is diverted from the
flying task. The Data Link nmethod of information retrieval is
superior to voice and pencil.

#2 See prior FD coments (i.e., what does this tell ne?).

#3 The information is adequate again. The presentation or
matri x produces a sort of halo that nakes nessages that fill the
scope difficult to read.

#4 Time used was no nore than it would take for a verba
conmmuni cati on

#6 For SA's, trim the screen information to only applicable
information, i.e., no historic reports, only current or last two
or last hour.

For FT's, forecasts for time periods past should be
elimnated; format should resenble the format seen in WX of fi ce.
Nor mal format.

For FD s, screen should show only altitudes | request.
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OVERALL WEATHER DESI GN

OBSERVATI ONS.

The overall Wather Data Link design was rated FAIRLY GOOD.
Problem areas |isted were <centered on the information
presentation, e.g., letter size, amount, etc. The observed | evel

of significance was | ess than 0.05 suggesting a preferred rating,
i.e., "5 " or "FAIRLY GOCOD. "

Question 17. | nproper/inconplete system designs can result in
pilot errors. Overall, how would you rate this Data Link system
- Weat her Services design. Use the standard scale provided. |If
you feel design problens exist, specify the areas you find
unsati sfactory, i.e., where the potential for errors is nost
Preval ent. Pl ease provide your suggestions on how we m ght
redesi gn the systemto overcone these probl ens.

System Desi gn - Weat her Rating

GAT B- 727 Over al |
Avg  Std  Avg Std Avg  std
5. 38 0. 95 5.0 0.85 5.14 0.71

Probl em ar eas/ suggesti ons:
GAT Pilots

#| By changing the size of the letters. Enphasis can be nmade to
the pertinent information. WK information for the nost part is
nonenergency in nature and can be requested in a relatively
rel axed at nosphere.

#2 Automatically having the Data Link able to provide 6-9
LOCID s for the area the plane is flying through.

#3 Less clutter, screen nore information; probably requiring
sequenti al screens.

B-727 Pilots

#2 If visual presentations available through the National W
Service could be displayed, it would enhance the systemgreatly.

#3 Locate the device in the cockpit for the |least effort for the
pil ot both for observation and operation. Reduce keystrokes to a
m ni mum



#4 Not enough information available in current system
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#5 Sane as question 13.

#6 | think critical nessages such as altitude should be
acknowl edged by both pilots before disappearing from screen. I
think the program should be revised to include the appropriate
words of "Cinb" or "Descent," or else elimnate those words and
i ncl ude "Change to"..

SUGGESTED SERVI CES.

OBSERVATI ONS. The pilots nmade nunerous suggestions on weat her
services to be part of future Data Link designs. A few
suggestions were as follows: SIGVETs, radar sunmaries, w ndshear,
hourly sequence reports, etc. One pilot wants to be able to show
weat her sequences of a single station to determne trends (if

any) .

Question 18. The design of a major systemnormally goes through
nunmerous iterations. Wat weather services would you consider an
absolute requirement in future designs and/or as part of
operational systens?

Suggest ed servi ces:

GAT Pilots

#1 See questions 10 and 12.

#2 Adding SIGWET's to the current four chores.

#3 Those currently wused with nore information: visibility,
restrictions to vision, runway conditions, icing conditions, etc.
Ground WK radar pictures in color.

#4 Possibly radar sunmmaries for precipitation.

B-727 Pilots

#|  Hourly sequence reports.

#2 See above (question 17).

#3 Wndshear info -- This should be sent out automatically.
#4 Need to be able to request information as needed.

#5 Sane as question #13.



#6 (1) Latest hour (elapsed tinme) of WK reports, (2) WK at
requested | ocati ons.
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#7 Runway conditions. Have ability to show several WX sequences
of sane station to pick up a trend.

#8 Any segnent that effects any area near our flight path should
automatically be sent to us. Wndshear, any unusual weather.

UNWANTED SERVI CES.

OBSERVATI ONS. The nunber of weather services that should not be
part of Data Link were mninmal. One pilot would take all
servi ces.

19. What weat her services, if any, should not be part of the Data
Li nk systenf

GAT Pilots

#2 Area forecasts--too nmuch information to try to put on little
screen.

B-727 Pilots

#| None; 1'll take all | can get.
#3 No change necessary.
#4 Should be able to uplink all services as needed.
#6 (1) At setting in mllibars.
(2) Coud covering in 1/10"'s of sky coverage.
(3) Types of clouds, i.e., (as AC) other than CB
If there are any other comments you would wi sh to express

on the Weather portion of the Data Link system use this
page and t he back.

GAT Pilots

#4 Possibly using ground radar services for Data Link screens.

B-727 Pilots

#3 Condense nessages as nmuch as possi bl e.
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OVERALL.

OBSERVATI ONS. The Main Menu was rated GOOD on all factors by GAT
pilots. The overall appearance was rated GOOD by B-727 pilots;
however, the other factors were only rated FAIRLY GOOD. GAT
pil ot comments were concerns with the Main Menu as the nunber of
services available grows and the screen color. One B-727 pilot
enphasi zed that Data Link should do anything that Voice can---
keep voice as a backup."”

Question 20. The Data Link display Main Menu provided for
selection of WK services and nessage retrieval. Rate the Main
Menu on the following factors. Use the standard scale in making
responses and circle the appropriate nunber. Please coment.

GAT B-727* Overal l
Avg  Std Avg  Std Avg Std
Overal |l appearance 6.0 0.0 6.14 0. 69 6. 09 0.54
Clutter 6.0 0.0 5.14 1.35 5. 45 1.13
Tinme required to
i nterpret 6.0 0.0 5.86 0. 69 5.91 0.54
Anmount of information 5.5 1.0 5.14 1.68 5. 27 1.42

*Based on seven responses
Coment s:
GAT Pilots

#1 Qoviously (amount of information) wll change with nore
servi ces provided.

#2 Having Main Menu show | ocation of |ast request of each type
of information is a good i dea. When different report is
requested, nost recent LOCID should automatically appear on the
request screen, to be overridden by either a new LOCID or
Keyboar d.

#3 Wul d probably require sequential screens to provide
addi tional information.

#4 Should break away from normal green format to a |ess
di stracting col or.

B-727 Pilots

#3 Earlier comments regarding the display should be noted.



#4 O her than legibility of some nunbers, display | ooked good.
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#6 A coment on this critique -- Al Data Link screen
representations should be included in this critique to refresh
our nenories since the display is new to us.

#7 No need to show ID of last station after wx i nformati on

#8 A pilot should be able to pull up any WK information, ATC
requests, 100% of what we do with voice -- Keep voice as a
backup.

WORKL QAD.

OBSERVATI ONS. The ATC workload ratings given by GAT pilots
(acceptable) were alnost a full point higher than those given by
B-727 pilots (low workload). This may be due to the fact that
the GAT pilot was al one whereas the B-727 portion utilized atwo

person crew. Ironically, however, the GAT pilots rated the
wor kl oad | ower for the weather services. The standard devi ation
with B-727 pilots was slightly higher. The binom al test was

performed on this data by formng two categories (1, 2, 3 - LOWN
and (4 and 5 - HGH on the assunption that arating 1, 2, or 3
was Acceptable, whereas a rating of 4 or 5 was Unacceptable. For
all ATC and WK services the p values were all less than 0.05
except term nal forecasts and Pl REP s. This indicates that for
all services, except termnal forecasts and PIREP's, a preferred
rating category was chosen. This category was the low (1-2-3)
cat egory.

Question 21. For each of the services (and overall), how would
you rate your workload as it appeared during the flight. Usethe
scale below. Indicate a rating for each and nmake conments where
applicable (e.g., ratings of 5 or 4).

5 Conpletely saturated

4 H gh workl oad

3 Acceptable at all tinmes, not too high OR | ow

2 Low wor kl oad

1 Very low, bored, need activity
Wor kl oad rating for:

GAT B- 7272 Overal |
Avg Std Avg Std Avg Std

Al titude assi gnnent 3.33 0. 58 2.43 0.53 2.7 0. 67
Frequency Change 3.33 0. 58 2.43 0.53 2.7 0. 67
Surface observations 2.0 1.0 2. 86 3.14 2.6 0. 84
Term nal forecast 2.0 0.0 3.14 1.07 2.8 1.03
Pilot report 2.33 0. 58 3.0 0.89 2.78 0. 83
W nds/tenperature aloft 2.0 0.0 2. 86 0.69 2.6 0.70
Overal | 3.0 0.0 2.75 0.71 2.82 0. 60

! Based on three responses 2 Based on seven responses
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Coment s:
GAT Pilots

#2 First frequency change cones just a level off, VOR passage,
trying to get plane settled down for main part of flight, prefer
Data Link at this point so | can respond when able. O her
frequency changes at | ow workl oads, wel coned t he change.

B-727 Pilots
#1 On UA.."Not Observed."

#2 As pilot flying, when the flying workload was high, the Data
Link functions increased the workload further. When wor kl oad
was normal, interface with Data Link was good (Normal and
accept abl e).

#3 For the services normally required, workload rates of 3.
LOG C DESI GN - OVERALL.

OBSERVATI ONS. The LOCI D nenu | ayout was rated FAIRLY GOOD by GAT
pilots and FAIR by B-727 pilots. The GAT pilots coments were
centered on real world inplenentation. The B-727 pilots
requested nore LOCID s and a keyboard. The observed | evel of
significance was between 0.05 and 0.10, which indicates variety
of pilot rating.

Question 22. After initiating a weather service request, a LOCID

menu appeared for you to input the location of interest. Rat e
the nmenu l|ayout using the standard scale provided. Pl ease
coment and provi de suggestions for inprovenent.
GAT B- 727 Overal l

Avg Std Avg Std Avg Std

5.75 0.5 4.5 0.76 4.92 0. 90
Comment s:
GAT Pilots
#1 Good. I"m curious as to how the LOCID s presented will be
selected; .e., wll the operator programsix LOCID s? WII the

system provide LOCID s close to your route of flight?

#2 |If software would permt, LOCID s that do not have current
data, or none avail able, should be either flagged or elimnated
from di spl ay.



#3 Worked well in this exercise, but inpractical in real world.
Need neans for pilot to input LOCID s.
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#4 1 think individual keyboard input for identifier would be
easi er.

B-727 Pilots

#1 dven the display as it is, this nethod of station selection
probably can't be inproved upon too nuch.

#3 FEfforts should be nade to nmake avail able nore stations.
#4 WIIl comrent el sewhere on LOCI D

#5 Sane as question 13.

#6 A little cluttered.

#7 Use keyboard to enter ID. Don't need additional step of
hitting "Send" button. Leave word "SENT" on screen.

LOG C OPTI ONS.

OBSERVATI ONS. The logic flow associated wth the LOCID
menu/ weat her retrieval was acceptable by all. One pilot did not
want to have to touch to retrieve the weather when avail able.
One pilot commented that since the "SENT" nessage was so brief,
he went to the MAIN nenu to determne if the MAIN nenu indicator
was present.

Question 23. After entering a weather request, the system
remained in the LOCID nenu (access to the Main Menu is possible
by touching "Main" at lower left). Upon delivery of the
requested service to the Data Link system a nessage appeared at
the bottom of the display indicating its availability. Upon
touching the area, the weather information was presented. Ws
this logic flow acceptabl e?

GAT B- 727
Yes 1,2,4 1,2,3,4,5,6,7,8,
No
Maybe 3
Comrent s:
GAT Pilots
#1 Once again, | did not see the " SENT" nmessage and,

consequently, went to the MAIN nenu to | ook for the "?2."

#2 Accept abl e; not as necessary as the ATC MSG pronpt.
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#3 Do not need touch activity, just display information wth
audi bl e announcenent .

B-727 Pilots

#1 \WWhatever is there will stay there until the user wants it. A
good feature.

#2 Rather than (?)--if available, so state. If you don't, pilot
doesn't know if it is a malfunction or unavail abl e.

#3 (didn't answer, but said...). For weather information, |
woul d prefer to have two keystrokes: (1) Select LOCID and (2)
Sel ect Servi ce.

#4 1t follows the other ? (MAIN nenu) -- No tinme was | ost.

The ability to make nultiple weather service requests while
waiting for nessage delivery was considered a necessary option

One pilot did state that "Data Link should answer one request at
a time...." The words "desirable,” "definitely," and "tinme
efficient” were used in the coments.

Question 24. After making a weather request and while waiting
for the information to appear, you had the ability to nmake
anot her weat her request (or view nessage lists). This capability
was not exercised. Do you think that this is a necessary option
in the Data Link systenf

GAT B- 727
Yes 1,2,3 1,2,3,4,5,6,7,8
No 4
Maybe
Comment s:
GAT Pilots
#2 This was not available for today's sinulation. On W nds

Aloft and Term nal Forecasts, pilot may want to view several
stations.

#3 This attenpt crashed system during ny exercise.

#4 | think the Data Link should answer one request at a tine;
however, request of several different |ocations during one flight
is essential.
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B-727 Pilots

#1 The whole idea should be to get as Ilittle or as much
information quickly or as leisurely as one w shes commensurate
wi th his existing workl oad.

#2 Desirable. Mre tine efficient.

#4 Definitely, but not necessarily through the use of the
keyboard devi ce.

VI SUAL ANNUNCI ATI ON.

OBSERVATI ONS. The annunciation (with "Touch for ATC Message")
| ogic was acceptable. Emer gency nessages should be nade by
Voi ce. Automatic delivery of ATC nessages was not a desired
feature. Pilot action to retrieve the information is required

Different tones or nunber of tones was suggested to discrimnate
weat her and ATC nessages. The test statistic/p value indicates
a preferred choice, i.e., YES, in parts A and B

Question 25A. An incom ng ATC nessage was annunci ated by "Touch
For ATC Message" at the bottom of the screen. |Is this operation
| ogi ¢ acceptable in all situations?

GAT B- 727
Yes 1,2,3,4 1,2,3,4,5,6,7,8
No
Coment s:
GAT Pilots

#1  (Emergency/urgent) nessages need to be sent by voi ce.

B-727 Pilots

#1  Urgent ATC nessages shoul d be acconplished by voice.

Question 25B. O, for exanple, in a non-busy situation, such as
when in the MAIN nmenu and no weat her nessages pendi ng: Should the
ATC nessage autonatically appear w thout being required to touch
the screen? Coment on other situations of interest.

GAT B- 727
Yes 4
No 3,4 1,2,3,5,6,7,8
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Coment s:

GAT Pilots

#|  That would be a nice feature.

#2 Having the pilot touch the screen for ATC MSG is good
Alerts pilot that sonething inportant nmay be comng in. There

should be different tones or nunber of tones for ATC vs W
nessages.

#4 Sonme nethod nust be used to | et ATC know that the nessage was
recei ved

B-727 Pilots

#|  See previ ous comment.

#2 Al so--suggest flashing the annunciator so that nessage wll
not be overl ooked. Stop flashing when acted upon.

#3 ATC nessages shoul d be positively acknow edged.

#4 | believe my comrent el sewhere was, "I1'll accept the nessages
when ready."

#6 The screen could "default"” to the latest ALT heading, freq,
route, etc.

#8 Pilot action should be required.

The Chi-square test resulted in significance levels as follows
for the difference between Yes and No answers on questions 25A
and 25B.

25A Chi -square
25B Chi-square

12.0 p < .01
4.45 p < .05
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MESSAGE LI ST-LOG C OPTI ONS.

OBSERVATIONS. The ability to retrieve a |list of nessages was a
desirabl e option. One pilot would prefer a printer in addition
to the display. The order of nessages was a problemarea for the
tested system ad i nformati on (frequencies, altitudes)
are not necessary; present only the nost recent nessage for each
servi ce. The test statistic/p value confirms that a preferred
response was nade, i.e., YES.

Question 26. Do you think the ability to retrieve a list of
messages received (fromthe MAIN nmenu) is a desirable option on
the Data Link systen?

GAT B- 727
Yes 1,2,3,4 1,2,4,5,6,7,8
No 3
Coment s:
GAT Pilots

#2 Most recent nessage should be on top of screen, scrolling
off bottom Not the page wap that is currently programed.

#3 Very.
#4 However, again | think buttons should be used instead of
t ouch pad.

B-727 Pilots

#2 Problem after eight nessages you can start |osing them due
to overfl ow.

#3 A better nethod would be to have nessages cone out on a
printer along with the usual presentation.

#4 Definitely--lInportant--Do not delete.

#6 However, you can rid it of previous frequencies when there
have been two changes, i.e., the frequency | was on three
frequencies' ago is useless to ne and just is clutter, so
dropping the second historic frequency in order to the clear the
screen up woul d be hel pful.



#7 They nust be in chronol ogical order. Reconmend nost recent
on bottom No need to retain nore than |ast frequency assigned
and last altitude assigned.
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The Chi-square test showed a significance level as follows for the
di fference between Yes and No answers in question 26.

Chi -Square = 8.33 p<.0O
SCENARI O SUI TABI LI TY.

OBSERVATI ONS. The scenari os were appropriate for evaluating Data
Li nk. Most woul d have preferred |onger runs and/or additiona
runs. One pilot said, "Wrk ne harder next tinme." The test
statistic/p value confirnms that the YES was a preferred rating.

Question 27. Do you think the scenario you flew in for this test
was appropriate for evaluating Data Link? Please comment.

GAT B- 727
Yes 1,2,3,4 1,3,4,5,6,7,8
No 2
Coment s:
GAT Pilots

#1 Flying both scenarios twce, one in voice and one in Data
Li nk, woul d have been ni ce.

#2 Al though route was relatively short, after initial clinb and
l evel off, nost IFR flights are |low in workl oad, exception being
tur bul ence, or possible East Coast plan.

#3 Sort of. A longer trip, utilizing nore realistic term na
oper ati ons probably woul d be nore revealing.

#4 Especially |iked weather reports on ground.
B-727 Pilots

#1  Runs coul d have been a little |onger.

#2 | think longer legs would be advisable to give the pilot
flying longer to interface with the Data Link.

#3 It was adequate for this phase of devel opnent.
#4 1t was busy enough to exercise the crew and Data Link.

#8 Work nme harder next time.
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The Chi-square test showed a significance |evel as follows for
the difference between Yes and No answers in question 27.

Chi -square = 8.33 p < .01

DI SPLAY LOCATI ON.

OBSERVATI ONS. The cockpit |ocation of the Data Link display was

accept abl e. The B-727 pilots enphasized the lack of "real
estate" in the 727; the weather radar position for Data Link was
acceptable, but the weather radar is needed as well. The test

statistical p value confirnms that the YES was a preferred rating.

Question 28. Was the cockpit location of the display acceptable
given the type/inportance of the information?

GAT B- 727
Yes 1,2,3,4 2,3,4,5,6,7,8
No 1
Coment s:
GAT Pilots

#1 Conmbining into an EFIS/DFIS would be even better; but with
conventional instrunents it was fine.

#2 Location was easily visible fromeither seat, out of path of
normal scan, but near enough for a flashing nessage to be caught
by eye

B-727 Pilots

#1 A 727 cockpit is a difficult place to locate this device.
Maybe dual heads cl oser to users.

#2 Better--Yoke nmounted dual displays to give better "head up"
capability

#3 For a multiple crew operation, the |ocation was adequate. For
a single pilot operation, the |ocation should be nore accessible.

#4 But in the future it should be on a CRT el sewhere. | need
the WK radar nore.

#8 But where do we put the radar?
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The Chi-square test showed a significance |evel as follows for
the difference between Yes and No answers in question 28.

Chi -square = 8.33 p < .01
| NPUT TECHNOLOGY.

OBSERVATI ONS. The touch-sensitive input technology for airborne
use was acceptable to nost. Concerns were expressed about use in
t ur bul ence. Two pilots found the technology unacceptable and
suggested buttons or a nouse. One pilot called the technology "a
must . "

Question 29. What do you think of the touch sensitive input
technol ogy as a concept for airborne use? Please coment.

GAT B- 727
Accept abl e 1,2,3 1,2,5,6,7,8
No preference 3
Unaccept abl e 4 4
Comment s:
GAT Pilots

#2 May be difficult for people with FAT fingers, or in
turbul ence. Did not always pick up on first or second tine.

#4 Buttons or sonething else. Even in this scenario wong pads
were touched by other fingers and, if accidentally touched tw ce,
t he screen changed each tine.

B-727 Pilots

#3 The systemis open to some error. At tines the requests did
not take. In turbulence, it could be difficult. It's not as
positive as a button.

#4 | would rather see a nouse and enter button.
#6 A must.
#7 This system worked fine.
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PRE- TEST TRAI NI NG

OBSERVATI ONS.  Mpst everyone was satisfied with the briefing and
training received on Data Link. One pilot would have preferred
nmore information to study. The test statistic/p value confirns
t he Yes response preference.

Question 30. Were you satisfied with the briefing/training you
received on the Data Link systen? Please conment.

GAT B- 727
Yes 1,2,4 1,2,3,4,5,6,7,8
No 3
Conment s:
GAT Pilots
#1 Good j ob.

#2 Understood system and ease of use. Most is straightforward
logic. Very acceptable.

#3 Woul d have preferred nore information to study.

B-727 Pilots

#3 The briefing was thorough and nade the test easy and
ef fective.

#4 Very good and efficient.

The Chi-square test showed a significance |evel as follows for
the difference between Yes and No answers in question 30.

Chi -square = 8.33 p < .01

* U.S. GOVERNMENT PRI NTI NG OFFI CE: 1990- 704- 061/ 20136
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